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CHEMISTRY. 


vh’ua ire loimed in the Vegetable 
A and Animal S\»iems, aud which aie to be the sub* 

I ti* if tosibidcration in this \oIum«', are aU compounds, 
j . jm th'‘ nature cd tl^n chenuc il conKitution, they de- 
/ive pculiar charavicrs, by which they ire conaected 
with each oihci, and aie di^cnmiii '^eu from the com- 
pounds wdiich belong to the mmeial Ungdim. 

With regard to composition, the mineral substances 
are extremely varied as lo the piinciples of which they 
are composed, but simple as to the niudos in which these 
are combined. All the simple substances are to be found 
in the mineral kingdom, but they are g^nera|l 
binary combinations, or, by the m 
pounds, Olliers are formed. Tb 
hand, w^hich are formed in 
toxnS|^ arc more uniform with regard to the prinoipM^s of 
wli^lj-h they are comjfoe^, but more *diyerriiied in the 
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^hich thele are combined : they consist only of 
its, which are united scarcely ever in binary, 
ternary, quaternary, or even more*compli- 
Jons j and from difTeien^s in the propor- 
^modes of union, arise the extrfenibly diver- 
jby which they are dlstingu; Jied; All 
^^iicts may be said to consist of carbon. 
Oxygen ; the anii^ al, of curbr^i, 1 ydrogen, 
oxygen, iiM'-.gen, phosplvoruj ^ and sulphur. Scaiie of the 
tnetals and earths, pnrticulaily iron, mangaTi' bC, gold, si- 
lex, and liRie, and the fixed alkalis,, are likev^ise obtained 
from vegetable and animal bodies. But the quantities of 
Ae^e are seldom considerable : some of them arc perhaps 
formed during the analysis by which tiiey ...e ob^’nined, 
and others may be regarded as foreign substances acci- 
dentally introduced. Lime and iron are of the-ie princi- 
ples the most constant, and present in largest proportio;*- 
From the nature of the conipositi^ui of thc jc subst.in- 
ces, arise the chemical ptoporties by which tlicy are cha- 


racterized. The compounds of the mineral kingdom:, 
consis ing, in general, of two immediate principles, unitec^ 
by a single affinity, have no tendency to suffer sponi.i- 
jriedus changes; or^ when left to themselves, there is no 
cau^e to disturb the uniformity of their mutual attr/.ction. 
^pEhe r^atiVe force of attraction by which their priiu.iples 
^are united^ can also be in some measure estimated, and 
i m^^ap ees by which that attraction is modified 
doterimne5TiJerS?J't)y presenting these principles to each 
votbfer these circumstances, we can effect their oom- 
form o^^^onds possessed of precisely the 
same prwpetties. ^Wei^n amalw tliese Compounds ^^Ith 
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equal facility, or, by a simple decbmpo8iti<3Q|' Mparato' 
their principles, so as to obtain theoi^ isolated, - we can 
therefore ascertain with accuracy their co|||^|)^ioi}f ^^<s^th 
as to the nature and proportions of their p'i* ts, 

and as to the modes in which these arc i ^ 

But tlic chemical constitution of the reg<^bjhj^a ani- 
mal products is extremely different, and gives to wy 
different chemical characters. As they always consist of 
three or more principles, which have strong mutual at- 
tractions, the balance of thcbe attractions, whence any 
pirtitulnr compound exists, is wsily subverted 5 the prin- 
ciples have a perpetual tendency to re-aCt on each other, 
and enter into new combinations, — a tendency Tendered 
'ffutiMl oy the slightest alteration of circumstances, 
i lence arises the facility of decomposition which is cha- 
racteristic of these bodies : they aic liable to spontaneous 
< h inges, fermentation ami putrcfict’on - they are readily 
acted on by otlior agent 3, aa by w iter or atmospheric air ; 
and they aie totally changed by an increase of tempera- 
ture. As their principles, too, have mutual affinities of 
nearly the same force, tli^y never escape from a com- 
bination pure and uncombined, but unite with each other, 
forming a complicated analysis \ and as their composition, 
with regard to the ultimate piinciplcs, is mucli alike, the 
products of thi> analysis, in the different individual sub- 
stances, are extremely similar. And, lastly, as we ait 
incapable of bal mcing the atlracti'^ns of l|ie Sfttral 
ciplcs 6f which they aic formed, or of placiitg these prin- 
ciples under the ciTcumsi«nic^s under which they were 
brojight into union in the vessels of the animal or plant, 
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ean^ifeUom. by artificial arrangements, form com- 
^l^^nds of a similar nature. 

^;^1^€hemical properties which peculiarly diS- 
t 5 n^j^^^*’J>r©ducts of organiziition, — their susceptibi- 
|if5r.;,a|^coipp^'||tibn, ihe complicated nature of their a- 
haly^ie^ d sit^tilarity of its products, and the imprac- 
artificial form ition from the direct union 
: of their constituent principles. 

There are subordinate distinctions between tl^e 

Vegetable and the animal substances. As the constituent 
.principles pf attii^al j5natt|r are more numerous, their af- 
finities are.more 8Tccf^ adjusted, and more liable to be 
alte^d by the.slighte.st alteration of circumstances. Hence 
the/^’nimal products are, in general, more suscej-tible cf 
d(?bonMisiti«n. Tliis, too, is of a nature somewhat dif- 
feren% Wit^i regard to the products, from that of vegetable 
matter 5 and^, in particular, they are distinguished, by be- 
. ing liable to that species of spontanctuis decomposition 
which constitutes putrcfact’on : the others decay, but their 
decomposition is npt marked by the evolution of those 
. prtjiluicts which distinguish that of animal matter, and 
which characterize this process. Their analysis by heat 
also 15 dilTerent,^ Vegetables are resolved principally into 
j^rburetted hydrogen, cationic oxide, and carbonic acid : 
japimal sjibstances always afford a large quantity of am- 
ge^^erally also combinations of hydrogen with 
d nitVogen, It is on the presence, 
these tl^ree latter substances, that th^se dlf- 
: in ye^e^bles, they arc generally alto- 




t OTf if present^ are always in inconsider^tblc 
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Though thfe compounds which belong to 
and animal kingdoms can seldom be formed by'OTtfficISl’ 
arrangements, it is not to be concluded, tLs hj 
that tliis arises from peculiar unljnown 
bstertion of which their natural formatii 



pUbhed. They arc chemical -c^on^pouimiMII 
chemical aflinitiesj which have been exerrCui^ 
peculiar circumistanibes. We can by arti^ial 
cesses form confounds perfectly simijbyr tb some pro** 
ducts of vegetation; and, although the Actions hf which 
the greater number of these products are formed can be 
only imperfectly imitated in our pfoKl^ses, we can ^till so 
far trace them, as to discover their theory, and^^the nature 
of the modifications to which they are^subji^cted. Hence 
the natural formation of these substances is strictly a snb-> 
jeet of chemical investigation; and vegetable and animal 
physiology, so far as it is connected with this, is a depart- 
ment of clicmicar science,— one which is at preSent the 
most defective and obscure, but in which the progress is 
perhaps the least limited, which may reacli the highest per- , 
fection, and present the rabst important results. 
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X)F t^EGKTABLK SUBSTAlfCES.^^ 


T he Vegetable Substances being^le^g complicated ia 
their composition &ose belonging to the^ Ani^ 
mal ICingdomi and affording likewise, in general, the rtf^ 
tcrials from ^ich the latter are formed, are first to be 
considered* 

Their chemical history may be comprised under three 
divisions. Under the first, may be stated the facts con** 
nected with their natural formation, or the principles of 
vegetable physiology, so far, as this is dependent on che- 
mistry. Under the second, may be considered in detail 
the chemical properties and relations of the several vege- 
table products. And to the di>ird, may be referred their 
general analysis, and th#’ chemical changes they sufiet, 
either spontaneously, or w^hen placed under peculiar cir^ 


cumstances. 
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CHAP. I. 

OF Tin:,^O^ATrON OF VS1CET41BLK SUH.STAV- 
CLS, OR THElguEMICAL PlIiTSIOLOGY OP VE- 

h 

I N entering on diis interesting subject^ it is necessary 
to give a concise view of the structure and functions 
of piltatSi^t least in so far as these are related to the che- 
mical processes carried, on in the vegetable sjrstemi by 
which the numerous products of vegetation are formed. 

The structure of plants is, in many respt-ctg, analogous 
to that of animals. Compared, indeed, with that of the 
higher orders of these, it is much more simple : no organs 
are fottod corresponding to the brain and nerves, the heart, 
the digestive system, or the mnscics \ but even in the low- 
er tribes of animals, all these organs arc not uniformly 
present ; and in the general frame of vegetables, we disco- 
ver that arrangement which is in strict propriety named 
otganized* There are solid parts through which vessels 
conveying^ fluids are distributed, and organs in which 
functions similar to those of anjmals are performed. 

, The organized structure of, vegetables is, of course, 
best discovered in the jarger and more perfect plants. 
These consist of a stem or trunk, which, at its insertion 
into the earth, divides generally into a greater dr Smaller 



nutn1)er'of bnuidies*. which torm the root, and at >ts n^ 
per extremity terminates likewise in-* number of btancli^' 
es, tb which the leaves and parts of fructification are at- 
tached. , , # 

Oti' making a transverse section of ai^ ttese ^(|^id 
parts, a difference of structure is observed. In the centre, 

we find a soft sul^nce ndijch is namecHhc Pities ex- 
» * j 

ternaUo this is the Wood, more hard^d compact ; and 
over the whole is am oiket rough covering,' tl^Baj^k. 

The Bark bib been considered as coniposed di^three 
parts, — the epidermis, or external roiij|| covering, con- 
sisting of numerous layers ; the celhfj^ tissue or enve- 
lope beneath, composed of fibres interlaced so^j to leave 
intersticesi which appear to tie filled witif a softer ma^er 
of a gyeen colour ; and, lastly, the cortical layers next to 
the wood, and approaching to it in structure. Through 
these parts run innumerable minute vessels, which appear 
to perform the functions of absorption and transpiration, 
and perhaps of stssimilation and secretion. ’ 

The Wood is much denser than the bark. It is (ihrous 
in its texture, and is composed of layers or zones. Dur- 
ing the growth of the plant, a new zone is formed an- 
nually ; and as, in different seasons, the vegetation la 
more or less vigorous, these zones vary in density and 
size. Through these lay^'s are distributed a number, pf 
vessels, both straight and spiral, running in aj)erpcndictt- 
lar direction, and others which run horizontally from the 
bark. The part of the wood which is nextjo the bark 
is softer than the central part, an4has been distinguished 
by, the name of Alburnum ; and there is a kind of grada- 
tion from the wpod through this to the internal b^rk. , 



CHKMICAt j^BXSlOLOGT 


Hr 

'Slid pith, or Medulla, placed in the centre, U sitnilar iu 
texture to the wood, only softer^ and more cellular. It is 
ulteays most abundant and' most succulent in young 
plafiLS^ and is diminished and nearly obliterated by age. 
It appears to little importance in contributing to the 
growth of the regetable. Mr Knight made a section 
through the Ifiiik and wood into tho^hoot of a vine, so 
ds to extract as n^ich as possible of the medulla ; but it 
continue^lO grow as well as othdl shoots, the medulla of 
whiotii' had remained uninjured He conjectures, that 
its office is pritii^ally to form a reservoir of moisture to 
the plant. 

Ij^ hcrb^lceouB plants, these different parts are not dis- 
tbaets the wood, in particular, is wanting, and the 
stem is composed of a kind of cellular membrane, co« 
veiod with an epidermis more or less thin, and inclosing 
thapith. 

Attached to the stem or branches of plants, are the 
lieav^s. Their structure seems similar to that of the cel- 
lular tissue of the bark, or is fibrous and interlaced, co- 


T^ed on each surface with a very fine membrane, and 
bating numerous vessels distributed through the substance 
of the leaf, and inosculating freely with each other. Nu- 
merous small points, connected with these, are scattered 
orer the surface ; which have been regarded by Hedwig 


as apertures by which absorption and transpiration are 
performed % by Saussure, as glands which secrete or pre- 
pare the proper juices of the plant. The superior surface 
pf the leaf differs, in general, perceptibly from the itife« 


^ Phflosophlcsd Transactions, 1801, p. 338. 
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rior surface* ' *Xlie former is more smooth and shftiSig^^. 
the latter has more asperities; its dolour is palefj and'' 
ivitli'less lustre ; the last difietences probably arising fvt}^ 
a less free exposure to light. These surfai^S perf^m 
difibreut functions. Sy the under 8ur^|M m that q|xt 
the earth) absorption principally h performed) as Bciliet 
established by numerous eatperiments ^ ; \^ter) prd^atery 
vapoury being taicea inyWhen in contactmidi it, so as to pre* 
vent the leaf from dlec^ing immediately/evci|Wh(EUt de^ 
tached from the plant; and watery vapour from^§^4t<* 
mosphere) or dew, being probably absojdH^ hi the natural 
situation. By the same surface) transpSration i^pears also 
to be performed) as the expezimenjts of dle..sal^ au&or 
have proved. This, has been confirmed by Mr Knight. 
He applied a plate of glass to the under Surfoce of a large 
vine leaf) in connection with the plant ; md the end of 

half an hour) so much water had exhaled, that it ran off 
the ^ss when held obliquely^: but on placing it in bon* 
tact with the upper surface of the leaf, ncit the slightest 
portion of moisture appeared f. This surface 4^^ 
principally destined to expose the fluid circulating through 
the leaf to the chemical agency of light, and probably to 
emit the aerial matter arising from the decomposition of 
the circulating Up. Ingenhouz has accordingly stated ex^ 
perimentS) in which he found, that the leaves furnish ^ 
air containing more oxygen, when their upper, tl)pn udim 

their under surface is exposed to the direct action of 

• ^ 

* Recherches sur I’Usage des Feuilles. 

f ]philo8ophical Transactions, 1803, p« 27^? 
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So well adapted are these surfaces to the perform- 
ance of tiicir respective functions, that when their posi- 
tion is reversed, the plant makes every effort to regain that 
wliivh is natural to them, or rather which is best adapted 
to tjie functio«ft3they have to perform, as Bonnet has abun- 
dantly shown. The leaves of some plants even follow,- in 
some sneasurty the course of the sun, presenting always 
their upper surfaoif to the direct rays of light. 

The Ij^vcs are the* proper^espiratory organs of 

Tt is sufficiently demonstrated by experiment, 
as is immediately to be stated, that, by their medium, 
plants change the srate of the surrounding atmosphere, or 
perform respiration ; and that reciprocal changes are cf- 
' fected in the fluids which circulate through the vessels of 
the leaf ; that these fluids are thus prepared for the 
formation of vegetable matter, and are returned by a pe- 
culiar set of vessels to the body of the plant. The im- 
portance of the functions the leaves perform, is sufficient- 
Jy dempnstTataed by the fact, that when they are destroy- 
ed the plant fi<^on decays and dies. 

There is much difficulty in tracing accurately the ves- 
sels of plants, and particularly in observing their connec- 
tions and terminations, and the course of the fluids they 
convey. Hence the different opinions |^at have been 
advanced with regard to thetny and the degree of uncer- 
tainty in which the subject is still involved. Natu- 
ralists, however, have generally agreed in distinguishing 
three kinds $ — the common vessels, or those which con- 
vey the common juice^or sap *, the spiral vessels, which 


Experiences sur les Vegetaux, tom. ii. p. 195. 
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principally' accompany these ; and the proper vessel^fp^r , 
those which convey the peculiar juices of the plant after 
they* are formed. It is an interesting object of inquiy, 
to discover the course of^these different kinds of vessels, 
their relations and connections, and the^Sces they ^r- 
form. % 

The first of thesp, the Common vessel, occur ^shiefly 
beneatji the cellular tissue of the stem; 4nd br in- 
ches, or in the alburOium, and. rise longitud^ally from 
the root to the leaves and flowers :*• they are ^re^^jfently 
of considerable size, and are easily discovered by im- 
mersing the rout of a growing plant in a coloured ve- 
getable infusion : it is soon observed to ascend in them, 
and may be traced to tlie leaf, and even into the vessels 
which enter the leaf at the foot stalk, and are distributed 
through it. They appear to absorb fluids from the soilj 
and^here exist similar absorbent vessels which run, from 
the epidermis in an oblique or horizontal chreciion. 

The proper vessels are situated princip^iy in the cel- 
lular tisijue and internal bark : they appear always, ^ 
scend from the upper parts^of the vegetable towards the 
root, and to convey a fluid downward. This is proved 
by the facts, that a coloured liquid does not ascend in 
them, as in common vessels, when the root of a 
growing plant is immersed in it, and that, when the 
stem or a large branch of a plant is cut across, the ftOt 
per juice always issues from the upper margin of the iiip^ 
cision, and the production of now matter to fill up th4 
inckion takes place principally (|rofn this margin. As 
thf common vessels can thus be traced upwards from 
the root to the Icfives, and the proper vessels descend 
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in l^e Opposite direction, it seems iiece$ssdily to follow, 
that the connection, between them, , or the relation of 
one to the other, is established in the leaf ; and ac« 
cordingly this has of late been investigated with consider-* 
able success;, o * * 

in the leaf of every plant, we per(^ve an abunda^nt 
distribution of-vessels. A la^e vessel or bundle of ves- 
sels entefs from stalk, which runs through the centre 
'hf the leai^i^to its apex, oxtendinjjNo very minute ramifi-* 
C^tld^ which appear to communicate freely with each 
other* 

Dr Dai^in coiijectured, that this central vessel, or 
bundle of Vessda, is formed by the union of smaller sap 
vessels, and that it performs the ofEce of a pulmonary 
artery, distributkig the sap it conveys over the extensive 
surface of the kaf^ and thus exposing it to the action of 
the air and light, from which it may suffer those chlmi- 
cal changes necessary to its further assimilation, ^rom 
the extremitid^ of the minute ramifications of this vessel, 
tjtk fl^d, thus changed in its composition, returns, lie 
c^ceives, by other vessels which pass along the under 
suMce of the leaf, unite at the footstalk, and form 
larger vessels, by which it is conveyed to other parts of 
4te plant- And he states the following estperiment, from 
wliicH tlik appears to be proved ; 

^ A stalk with leaves and seed*vcesels of large spurge 
(Suphorbia he}ioscopia)^had been several dayb placed in a 
decoction of madder, so that the lower part of the stem, 
and two: of tlie underinost leaves were immersed in it- 
After haviiig washed the immersed leaves in clear water. 
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l could readily disqern thJ*?olour of the madder passing 
along the middle rib of each leaf. .Tliis red artery was; 
beautifully visible both on the under and upper surf^e 
of the leaf j but on the upper side many red bran^jhcs 
jvere seen going from it to the extrenjjti^s of the leaf, 
which on the othgr side were not visiblci except by look- 
ing^through it against the iight. On this underside a 
system of branching vessel?, catrying^ia pale riil^Iky fluid, 
w^ere seen coming froin^ the extremities of the leaf, and, 
covering the whole underside of it, and ,jomin| two 
large veins, one on each side of the red ' artery, in 
middle rib of the leaf, and along wvAt it descending to 
the footstalk or petiole. On shtting one of these leaves 
with scissars, and having . a iBommon magnifying ^lens, 
ready, the milky blood was'seen oozing out of the return- 
iiig veins on each sale of the red artery in the middle 
lib, but none of the red fluid from the artery. 

All these appearances were more easily seen in n- leaf 
of Picris, treated in the same manner; for in this milky 
plant the stems and middle rib of tlie leav^ are some- 
times naturally coloured reddish, and hence the colour 
of the madder seemed to pass further into the ramifica- 
tions of their leaf-arteries, and w^asj there beautifully vi- 
sible w'ith the returning branches of milky veins on each 
side. 

From these experiments the upper surface of the Idif 
appeared to he the immediate organ of respiration, be* 
cause tire coloured fluid was carried to the extremities 


of the leaf by vessels most conspici|ou*s on tlie upper sur- 
face, and there changed into a milky fluid, which is tlie 
blood of the plant, and then returned by coiillmitant 
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veins on the under surfacl^ which were seen td ooze 
when-divi'ded with scissars, and wliich> in Plcris particu- 
l^jrly, render the under surface of the leaves greatly 
whiter than the upper one.*^ This fluids thus prepared, 
Dt Darwin adds, is expended in the various secretions^ 
and in tlie growth and nourishment of the plant 

This has be<*n further investigated by Mr KnighL in 
his late #esearc}iC8 on the structure and functions of ve- 
getables* He found, that when he made a circular in- 
ciskmrirotmd the stem of a plant, removing completely the 
blark at the incision, so as to cut off the connection of 
the stem by the medium of the bark with the leaves, it 
did not grow nor shoot out branches below the incision, 
but'‘ grew as vigorously as usual above the incision. 
Hence he was led to conclude, that the sap rising from 
the root through the wood, is prepared in the leaves for 
assimilation, and returns by vessels descending thiuugh 
the » bark, to be subser\ient to the iiutiition of the plant- 
In conformity to this he iound, that if the stem below 
incision produced a new shoot, as sometimes happen- 
ed, then the parts beneath connected with this slioot be- 
gan to grow. Or if he made incisions in diiTercnt parts 
around the stem, allowing a leaf to remain in connection 
with each part between two of the incisions, the insu- 
lated leaf acted like the shoot, and the part between it 
and the incision beneath grew ; while, if similar inci- 
sions were made without any leaf being allowed to re- 
main, no growth nor increase in the size of the wood 
was discoverable. *On the other hand, by making a com- 


Botanic Garden, Notes, vol. i. p. 4*50. 453. 
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plete citculat indsidn in tfie bark, and by a perforation ^ 
extracting the pitl\ in the centre of a branoh, thus^ 
leaving a communication between the leaves and roote 
by the wood, the leaves still continued to flourish, — a 
i proof, that the vessels conveying sap to ti^leaves, ascend 
\ihrottgh the wood 

\Having formed this view, he endeavoured to trace the 
course of the into the leaf, and its IjpCturn to^the other 

V 

parts of the plant. ► 

The sap vessels arc easily traced from tlii^taots 
through the alburnum, to the young staiks or shoots; 
the object therefore was, to trace their progress beyond 
this. Having made ciinilar incisions a$ above, in the 
bark of some annual shoots of the apple and of the horse 
cliesnut, he placed the stalk of th^ shoot beiieath these 
incisions, in a deeply tinged vegcuble infusion, for a few 
hours. On then making transvero wcctionsof the shoots, 
he found that the coloured liquid li id passed up the pores 
of the wood boyuml the incision and into the insulated 
leaves ; but it had noithei coloured the bark ndr the sap 
between it and the wood ; proving, tliat the fluid rises 
from the commencement of the branch, through the 
w'ood, towards the lea\ es ; w^hilc it appears to return by 
vessels situated in the inner bark, which have no imme- 
diate communication wMth the vessels of the wood. 

Mr Knight, on examining tliC leaves in the shoots 
jeeted to this evperiincnt, found in the apple, that the 
leaf is Attached to the wood by three strong fibres or 


♦ Piiilosophicrl Trans tetion?, 1801, p. SS*!. 3S8. 
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ot rather bundles of tn^c<f ; one entering the mid- 
* die of the leaf* the others being on each side of it. In the 
}i€f se chesnut} there are seven or eight bundles of a* si- 
milar kind df tubes in each leaf. Through these the in- 
fusion had pas#l|^y and communicated its colour through 
almost the whole of each leaf-stalk, /riicse tubes Ma 
K night considers as being different from the comm/n 
or sap vcisels m tlie alburnum: they commence i few 
lllehes betbw the leaf to avhich thsy belongs ind becom^^ 
ill0f!^umcrous they approach to it. To distinguish 
themi Mr Knight Ins given tlum the innic of C^ntial 
vessels: they extend to the extremities of tJiC leaf, whcie 
they appear to ternnnate, and ire every where surre und- 
ed with the spiral vessels, which appear to be appendage s 
to them. 

Lying p^nllil with these stssels aud surrounding 
them, arv, anotlut (f \ebscls which were colour 
lcs5» ard ^pns.ji^d to be eoincying a different fluid 
*rbey seem to return ttu ip to ilie tree , for wli n i 
leaf was cut ofl which had imbibed a coloured infusion, 
tjie native juices of the plant flowed from thc'^c vessels 
ajfparently unaltered, as Dr Darwin liad formerly ob- 
^.served. They descend through the inner bark, and ip- 
|>ear to extend from the extremities of the leivcs to the 
^ pokn^B of the roots. 

In conformity to these views, Mi Knight gives the fol- 
lowing view of the circulation of the fluids in plants, oi 
the progress of the common sap, and its return to the 
diftsrenf parts, to sap^ly matter for nutrition and the for- 
MW products* 
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The sap is absorbed by the common vessels origiii^ 
aiing from the e^ftremitics of the roots of th£ vegetables'^ 
and uses tlirough the alburnum of the root« steitii End 
bianchc’^, propelled by the contractile power of the fibres 
^ which divtrgc from the p th to the and press on 
\he6C in the branches it passes into what dre 

•nVmcd the central vessels, and througlv them into the 
leif-dtdky and ultimately into the leaf. Thetb it is eit* 
posed, *in the delicate rami fic^^ons of these vessels^ to 
fie action of the air and 1 ght, and is convertedf kiMit 
at k st, into the proper juice of the plant: this is con- 
\»cycd by the proper \csstl‘^ vIikIi have their origin in 
the kif, winch ui ite and cuKcend through the internal!* 
bilk. In it** progress tl lough thc'*^ \c cIs, it probably 
iindeigoes lurihor clungts, and is uUini »-ely converted 
» <t > tlio solid matUr if the pUr t, and n > t’lf ^laducU 
which it aiTords 

The use of the spo 1 \ess"'] , tiih r in thi** cir< ul non 
O' *11 my of the fui cti i*- j> th* does not ap-* 

pear very obvious. 1 !k\ ne found round the pith^ in 
the sl« nder br inches, the kaf*sLa 4 k, and the petals of the 
flowers^ They axe always empty, and hence some have 
supposed them to corny nr: othars have supposed 
them to bo absorbent its il&, and have accounted foV 
their bei ig genei illy found empty, from their conrractit# 
power, in consequence of which they immediately dil^* ' 
charge the fluid they contain when ctft As they adtf 
found principal } connected with the cedtral vessels hi 

‘ "r 

‘^Philosophical Transactions 1801 > p. S81.; 1409. ll86>{ 

1801, p. 100, 
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the young shootS} and as in other part of t|)e plant they 

appear ixardened and nearly obliterated, Mr Knight con- 
8id#r8 them as appendages to these central vesseh, and, 
by some mechanism, facilitating the propulsion of the sap 
into the leaf, its distribution over it } the action of ^ 
the fibres of the alburnum, by which^^be sap had bee|2^ 
propelled through the stem, ceasing, as he suppos^^, 
where thA of tbe|jl|>itAl vessels commences* 

In this genexjd structure of vegetables, there crisis i 
analogy to the frame of animals *, and from this 
analogy, a$ well as from the fupctionb they perform,* it 
has justly been in!(blTed, that they are endowed with si- 
Ibilar vttid powers* At one pciiod indeed, it was at- 
' lemp^ed to account for tire motions of vegetables from 
fheir peculiar mechanism, independent of any living 
power. The ascent of the sap was thus ascribed to ca- 
jdDary attraction in the sap vessels *, and the movements 
of different parts of the vegetable, were supposed to tle- 
pend on the mere elasticity of their fibres. But such 
aco altogether inadequate. Capillary attraction is 
^iMiufficient to account for the motion of the sap ; thevc- 
idfetty with which it ascends $ the great height to which 
It reaches ; for its variable motion •, or for its propulsion 
^tmd discharge wllen the vessels are cut. Still less can \t 
bd 48Aigned as the cattle of the retrograde course and dc- 
df &e fluid in the proper vessels. Nor can any 
elastidS^ of the fibres of plants account for the 
' moyemontsof dioir leaves and flow|rs, or of 

inodes wbiA they perform when excited by e\- 
tkffoA The aimilarity of thesc^ actions and 

the vegetable sy^t^, to those performed in 
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the animal sjsteen, for the attainment of ntililafr <^n4ai 
sufficiently warrant$ the conclus^t tl»at they mgioate in' 
a Similar caubei or arise frOfn peculiar property, i«ti> 
tability, or the solceptihUlty of dontracrion the ap- 
plication of cxtnnal agents, which ch(p9icterize8 living 
matter. 

^From the structttrp of vegetal^M, andrin particelar the 
greater rigidity of Aeir parts, the U|||mediate^ operation 
of this principle is notilndced so aneqtunmpally perceived. 
But the functions of the vegetable kingdom ^ 

sorption of external matter; the propulshni of the sap; 
the secretions whence now produett^, Dtp formed ; the 
motions of their leaves ; their susceptibility 10 tiie ua 
pretsion of external agents, light, heat, mdisture, and 
electricity ; their growrii, and the formarinn and evoln- 
non of the embryo plant with similar powers, are phe* 
nomcna inexplicable on any principles of mechanism, 
and so strikingly analogous to the phenomena which oc* 
cur in the animal system, that they mu;t be referred to a 
similar principle. ^ 

The irritability of vegetables, observes, even itt its Se!»r 
' tiOns to external agents, nearly the same laws as anidted 
irritability. The functions dependent on it, require to 
be excited by the, application of paternal agents : hence 
the necessity of the due application of heat, light, 
and moistsve : ,if these arc withdrawn, the functions laib* 
guisb, and the iuitabihtyof the plail|^db 9 ^’*bites jf 
they arP ^plied in excess,, tins power tS impSirtkdl ; attdy 
lastly, if by a previous abstractiop df the usnSl stimuli, 
the irritability has been accumulated, more idgmn^VS ac- 
tion will ensue on their re-application, or, if too suddenly 
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and f>rcSb1]r appliod, a p>tal cxhauadon of power will 
take place- The effects of soil, of moisture, of heat, 
lig^it, and electricity ox^ plants ; their sleep, germina- 
tion, cfRoreecence, fructification and decay, afford many 
beautiful illustfalions of the operation of this priiiciple, ^ 
in conformity to these laws- ' ^ 

It iertrue, th.tL ^ome differences are to be observed 
the vitality of thy two systems. They are differently 
acted on by some agents, '^and there does not exist in the 
system, at least to so great a degree as in the 
animal system, that general relation, by which, when one 
part is peculiarly nffectecl, distant parts participate in the 
affection. But differences of this kind are coihparativcly 
trivial: they arise from a more simple structure, and 
they are not greater than what are even to be observed 
in the different orders of animals. 

^ The preceding observations on the structure and mov- 
ing powers of v'^gctables, and on the circulation of their 
fftoids, prepare us for the consideration of the functions 
on which their growth is dependent, and by which, from 
new combinations, their various products are formed. 

Absorption takes place in vegetables to a very consi- 
derable extent- A large quantity of water, with portions 
of other matter, is taken up by their roots from the soil, 
atfd is indispensable to their growth. This absorption is 
not itidiscriminatp, otherwise plants should contain all the 
principles of tbo soil in which they grow. Neither is it 
pure water only that is absoibed, but water holding in 
solution or in suspension such substances as may contri- 
bute to the nourishment of the plant. The absorption of 
this fluid, is the source of the sap or common juice, 
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which rises tlirough the vessels in the alburnum^ is grd<- 
dually changed in its prggrerif through the ‘plant, and* 
which is found in very different states at different pe* 
nods. Ill VI inter it is in small quantity ; in spring and 
summer it is much more abundant; in«autunin it be«> 

' ''pmes thicket and less copious; — changes which may arise 
p\^rtly from the action of the sap vesselv partly f^pm in- 
termixture of the proper juices, or from the •olutionof 
part of the solid matter through vvhidt it ia conveyed. 
Dr Darwin observed, that the qualities of the sap^te cer- 
tain periods of vcgetition, appear in particular to arise 
from the matter which it dissolves in its ascent, lie 
supposed^ that when vegetation is vigorous, as it is in th# 
course of the summer and commencement of autulnn, a 
quantity of nutritious matter is formed principally by the 
Lmvos, and is deposited as a reservoir of nutriment in the 
iilbarnum ; that on the revival of vegetation in the spring, 
tiiio lo dissolved by the fluid winch is then absorbed from the 

* )il, communicates to it peculiar qu ihties, and serves for 
llic fjrmation of new budb and leaves. In herbaceous 
plants, this deposition, he obscivcs, takes place in their 
loots dining the autumn for the »amo purpose; and in 
s me plants it is foiired in the joints of the stem. 
Ilcnce, a': he remarks, the loaves of the low^er branches of 
i\KCs arc l^y iidlt aiidcd 

Mr Ivnight has stated piocisely the same view, that 
pait of the piopii iuitc generated in the plant when ve- 
gctatioif is most \igoious, that is, in the course of the 

* ammer and the commence ment qf nutumn, is deposited 
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in the solid matter of the alburnum, and remains depo- 
sited in it through the wlkter-. In the spring, wlien the 
pojirers of vegetation are renewed, this deposite is sup- 
posed to be dissolved by the ascending sap, and thus 
matter is furnished already assimilated to the vegetable, 
and adapted to the formation of the new buds and shootp.' 
In cor\formity tg this opinion, and what may be regarded ’ 
in some measijre as proofs of it, Mr Knight found, that 
the sap irf spring Jias a greater specific gravity, and pos- 
sest^s qualities which indicate a quantity of some peculiar 
matter to be dissolved in it, in a greater degree, as it is 
taken at a greater height from the root ; and that the 
4ivood of the stem or large branches, cut down in winter, 
has a" greater specific gravity, and contains more extract- 
ive matter soluble in water, than the wood of the same 
species of tree cut down about the commencement of 
summer 

It appears also, that in oilier periodo of vegetation, tlie 
sap is mingled with some of the proper juico?, as it is 
sometimes possessed of qualities which it could not have* 
derived from the soil, or from any of the solid parts of 
the plant. It is thus sometimes highly saccharine, though 
the wood itself is possessed of no sweetness ; at other 
times acid. According to Mr Knight’s observations, tlic 
sap, whether extracted from tlic tree<%iigh to the ground, 
or at a distance from it, w'as always found to contain a 
portiort of air. 

The sap of difierent vegetables has been examined by 
Vauquelin.^The sap of the common elm, (Ulmu& cam- 


FWoSopliical Transactions, liS05, p. 70. 101, 
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pcstrlb), he found to contain a large portion of vegetalSe 
matter, acetate of potaasa, carlmfiatc of lime, Vlrith. slight • 
traces of sulphate and muriate of potassa, the vegetabte 
matter being in larger proportion, as it was taken from 
the plant late in the season. The sap of theJ^eech, (Fagus 
s‘;:lvestris), besides vegetable extractive matter, contained 
^a.Vnin, gallic acid, and free acetic acid, y^thout any car- 
bonate of lime, but with a portion of acetatciof lime. 
The sap of the birch with extractive, contained also sac- 
charine matter, acetic acid, acetate of lime, and nitrate of 
pot'absa. In all these saps, part of the proper juices had 
no doubt been mixed witli the liquid absorbed from the 
soil, or part of the solid vegetable matter itself bad bccn<^ 
dissolved in its progress through the plant Ch^ptsd 
has also examined the sap of various vegetables, obtained 
by exudation from incisions, and probably in a state of 
mixture with the proper juices. In all of them a quan^ 
tity of vegetable extractive matter was contained, having 
principally the characters of the matter which constitutes 
the ligneous fibre, w^hicli was slowly precipitated on 
standing either with or without the admission of Ae air, 
and which was also precipitated by acids, alkalis, and ' 
other re-agents f. 

Not only is absorption performed by the vessels in the 
roots of plants ; it takes place also at the surface of the 
bark and leaves. Absorbent vessels are not only capablo 
of being discovered by the eye, running from bark in 
a horizontal direction, but the performance of absorptson 

Annales dc Chimic, tom. xxxi. p. iW. ■ ' 

I Memoircs dc ITnstitut. National, tom. i. p. 
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by them is demonstratcdj by the increase of weight which 
la branch taken from a gains by exposure to dew, or 
tq a humid atmosphere. The absorbents from the leaves 
seem to rise principally from the inferior surface of the 
leaf. • 

Perspiration, or the function by which a fluid or vappur 
is constantly exhaled, is that which counterbalances ib« 
sorptionjt Numerous experiments have proved the exist- 
ence of this funy^ion in yegetables. By merely placing a 
growing plant under a glass receiver, the internal surface 
is soon obscured ^ a fluid is condensed on it, which ap- 
pears to be water, with a slightly odorous impregnation. 
^The quantity perspired differs under various circumstan- 
ces* *It is increased by a high temperature, by the stimu- 
lus of light, and by a dry atmosphere. In the experimento 
of Hales, a sunflower, three feet high, was found to 
transmit by transpiration, in twelve hours in the day- 
time, about twenty ounces of fluid. This function ap- 
pears to be performed by the leaves, and piincipally by 
tiieic undar surface, as has been already stated. There 
also exist, however, numerous pores 6r apertures in the 
balk of the stem and branches, through which, probably, 
ft discharge of fluid likewise takes place. 

Respiration is another function wliich plants have been 
supposed to perform; and there can be no doubt, but 
that they are aflFccted by, and produce changes in the sur- 
rounding atmosphere, and in atrial fluids, to the action of 
which tibey are exposed. The nature of these •changes, 
however^ though the ijivestigatlon of it has been the sub* 
Ject of very tiumerous and extensive experiments, is still in- 
voked itvsome obscurity ; and the statement of this func- 
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ttonj 30 important in what relat^ to the chemical phyao<* 
logy of vegetables! will require aotne detailst 

Al an early period of pneumatic chemistry, (1771, esc 
1772), Priestley, from some facts which he had observed, 
[uferred, that plants growing in air vitiated by combus** 
tiou or the respiration of animals r^tore it to its original 
pui ty. A few years afterwards, he undectook the snore ’ ^ 
full invc<itigation of this subject •, and tfioughj in the * 
course of his experiments, the results segire variable, md * 
sometimes discordant, he found, that in many of tibenSf 
when a plant, or the shoot of a plant, was inttodneed end 
confined in air which had been vitiated by respiration or 
the combustion of a taper, in which, of course, caribonic I* 
acid was present, while the oxygen was nearly or entirely 
abstracted, in a few days the air was found to have recciv* 
od an accession of oxygen gas, so as to sufier a dlminu*# 
tioii of volume from the addition of nitrous oxide gAS# 
which it previously did not do and, in soni^ cases, the 
proportion of oxygen appears to have been increased to 
even mure than the usual proportion inatmospheticahr^* 
And, in other experiments made at a later period* he 
found, that air containing a large proportion of oxygen 
w^as evolved from aquatic plants immersed in water, and 
exposed to the solar light 

This office, apparently performed by the vegetable 
kingdom, opened an admirable view of adjustment in the 
economy of nature. All the tribes of attbnifils consumei 
in respiration, pan of the oxygen of the air they 


♦ Experiments on Air, voL iv. sect. 28* , 
t Ibid. vol. V. sect 2. 
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btv^athci and form^ at th«^ same time^ a portion of carbonic 

acid gas, whicb they ei#pilfc y and the necessary effect of 

both these operations is to deteriorate the atmosphere, or 

render it less fit to support life. It may be concluded, 

therefor, thet there are causes equally constant and ge- 

ucral int thetr action by which these are counteracted, 

and the purity<*of the atmosphere preserved. This tvas 

^ Sftpposed to be performed by the vegetable kingdom. The 

^ «a|>erlments of (JrPriestJey were regarded as proving, that 

growing plants give oxygen to the atmosphere ; and other 

catperiments seemed likewise to prove, that they absorb 

and decompose carbonic acid. The one tribe of animated 

# beings, therefore, appear opposed to the other in the chan* 

" ^es'thcy Induce on the air which is indispensable to both ; 

and, by these reciprocal changes, it is preserved in a state 

adapted to the support of eadh. 

I have stated, however, that the results of Dr Pnest- 

Icy^s expeiiments were by no means uniform, and, in 

ntony of them, the changes produced by vegetation in the 

,ait j^j^peared to be precisely the reverse. He frequently 

found, that the air vitiated combustion or respiration, 

to which the plant was exposed, was not ameliorated, 

*' without being able always to discover the reason why it 

■was not: sometimes the air was even farther injured , 

and in other experiments he found, that common air was 

diminished, and rendered noxious In the experiments 

made nearly at !dlie same time, too, by Scheele, the purity 

of the air was always injured both by germination and 

vegetation^ Pease* wpre confined in a matrass, over wa* 
* 

■ .1 


* JSLxperimcnts.on Air, vol. W. p. 299. 301. 321. 
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tefi in which they soon struck out roots ^nd grew; and^^ 
when they hud ceaspd growing) tbe airi on bein|; examin** 
ed> was found to have remained nearly the same in 
lumc, but its oxygen^ was consumed) and a quantity of 
carbonic acid gaS) equal to the oxygen Up yid||t(!Qdlej( hskd^ 
been formed. Scheele adds to the account of 
finient, that he had << preserved fresh lootS) fntttSfheths^^ 
flowersi^nd leaveS) each separately in a matmsS) andv 
found) after some days, one-foux;th of tl^air chiinged 
to al'iial acid,” or carbonic acid gas *. 

On the other hand, the conclusions of Priestley 
cd to receive confiimation, to a e^rtain ext<^t at least), 
from a series of experiments by Ingenhousst. Jfriestley 
himself had observed, that when water is kept for s*om^^ 
time #n glass vessels, and particularly, when any 
getabk had been previou«ily immersed in it, a 
a green maittr is generated, which he cem^ered lO^be d, 
a \egctablc nature f. This matter, be fou)|g|4lf when ex*- 
posid in water to the sohr light, ga\e out a 
quantity of aa aeriform fluid, nearly pure oxygon,^), 
and a similar production of (his gas he found to take ^lade 
from aquatic plants, exposed under water to t!xe action of 
light Ingenhousx piobccuted tl>is investigation to z 
grcatei extent. He found, that not only from the green 
matter of PrLstley, but likewise from the leaves of 
tables, from their green branches or shopts^ or even 

, ^ 

* Experiments on Air and Fire, p« 150. 
t Others, paiticuhrly Ingenhousz, have coniijiMkdf^glten 
matjter a$ a collection of ammakuls;. , ^ 

X ExpenmeatB on Air, vol. iv. p^ TiSo, ; vol. v. p. 25* 32> 
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the tnthe vegetable, wlien placed under water and expos- 
ed to tlie^solar light, oxj^gen gas, in a state generally of 
tguisiderabic purity, is evolved ^ ; and, as the result of his 
numerous experiments, he adopted the conclusion, that 
oxygen is elaborated in the leaves or other organs of ve- 
^etableV^y ^ action excited and sustained by Jthe 
eolatjight t* iTIiat the organic structure of the leaf is 
Itecessaty to this production of oxygen, and (^lat it is 
littrefore the rsn^lt of a /unction performed by it, Ingon- 
ilOttlX 6ttpp<?8ed to be proved by the* facts, that after a 
shokttime, (about two days in general), the emission of, 
oxygen ceased, in consequence, ns he supposed, of the 
vessels of thfe leaf gradually losing their vital powers ; and 
lhat'leaves which had been bruised gave out no oxygen, 
vrhilo the leaves of the same plant detached fiom k, but 
without this destruction of their organization, gave oxy- 
gbn, the other dn;umstances being precisely the sam< . 
At the saijjfl^imei he likewise found, that when the ligl 1 
!$ exCluded/not only doco the evolution of oxygen cca'-e« 
htit iho |ibnt, if placed either in atmospheric air or m 
oxygen gas, consumed oxygcrfand produces carbonic acid, 
and the general result of sdl his experiments is, as he an- 
jciounces it, that vegetables always deteriorate the aimo- 
sphere, except when exposed directly to the solar light “I . 

The oxperimUip^ t’f Priestley and Ingenhousz, proving 
^ eVcdUtijOfi of jOtyged gas frodt vegetables. Were always 


, 
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liable, however, from the manner in which they were 
made, to the objection, that oxygen evoked might be 
the product, not of the process of vegetation, but of the 
action of the $olar light on the water } the vegetable mat« 
ter affording merely a surface, which presented ^e water 
in ^ favourable manner to the action of the light ^ that the 
hxygen, therefore, might be deriveSd entirejy from th^ wa- 
ter, being either the portion which water always Adds 
dissolved, or part even of the Qxyg^ Hrhich enters into 
the composition of that ffuid. With this supposition, the 
y»fact* ascertained by lOgenhousz, that when the light is not 
present, vegetables consume the oxygen of the air, and 
form carbonic acid, suQiciently accords ; for it appears 
improbable, that vegetables should perform such opposite 
functions, as at one time to produce oxygen, at another 
to consume it i or tliat they should be so much depend- 
ent on an external agent, constantly variable, as tliat, by 
its application, they should perform one fun^^n, and, on ^ 
its abstraction, not only cease performing this, but per- 
form one precisely the reverse. It might rather be con- 
cluded, that the function #hidi they do perform when 
the light is cxduded, is that which is natural to them ; 
and that the ceasing of this, when they are immersed 
under water and exposed to the solar light, is owing to 
the exclusion of the atmospheric air 5 while the evolution 
of oxygen, which under these circumstances also toke^ 
place, may be owing merely to the action of the 

light on the water. Other facts agree .with thejse con- 
clusions. If the evolution of oxygefi depended on 
^ action of the light on the water, it might be <x^^ltlded, 
that it would vary somewhat, according to tliie nature pf 
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the water, as, for example, whether it held more or LoS 
air in solution ; while, if it were the result of the process 
of vegetation, or Of any function performed by the Vege- 
table, it could be little aifected by such a cauoc. And it 
equally follows, that, were the oxygen evolved from the 
plant, the evolution ought to continue as long as it 0 )n- 
tinuad to perform its functions ; wdiile, if it were derived 
from the air dissolved by the water, the evolution must 
soon cease* N^w, on these points, tlic facts obbcrvct) 
both by ingenhousz and Priestley arc at variance with the 
conclusion, that the oxygen is emitted by the vegrt ible. v 
They both observed, that the emisrion was materially de- 
pendent on tlje kind of WMter in which the vegetable mat- 
ter was immeiscd. It was more abundant from waUr 
drawn by a pump than from any other j more so fiom 
river-water than from rain-water, and less copious, a> 
well as less pure, from stagnant water, or water th it Ii id 
been boilej^^r distilled *. The evolution, also, in the 
same quantity of water, conrinued only for a limited tune , 
a|id t)^t this could not, as Ingeiihousz imagined, auss. 
frott» the termination of the life or functions of the vege- 
table, supposing the evolution to have, arisen from that 
cause, was apparent from the fact likewise observed by 
Priestley f, that, on removing the water, and adding a 
new quantity, the production of ovygen took pi ice as be- 
fore. These facts, it must be acknowledged, appear to 

( • 

^ friostlfiy''s Experiments on Air, vol. v. p. SO. 

Xugonhous/ iJ-cjanicncL* bin les Vigttau^, tom. i. p 

m ' 

I JEjItperiments on Air, vol, v. p. 25, 
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establish the cooclusicni^i that the produd^ei^ bC 

hoTtk vegetable matter, ua^ the circumstaiu^ observed 

by Priestley and ingei^usz, is not the result 

^ion of the living vegetable, but. rather cif t^emical 

action of the light on .rise water, or, .^8 the 

'ft 

humid vegetable matter. 

• Yet%ese objections, thooj^ they^ appear >t fi^st to 
have sonic forccj liav^ perhaps obviated, ^ ^ least 
more than balanced, by the numeroOl^l^ts whicK Priest 
lc}^s and Ingeidionaz’s experiments e^blidt. It doea not 
|folbw, as has been contended, that altliough in the'^s£a4o 


plants may consume oxygen, and form carbonic acid, the 
same functions must be performed when Ifg£t ^ intro- 
duced } since this principle may both change the exertion 
of the vital agencies *of t]be jplaiH, and exert ^h^mical af- 
hiuties that may materially modify the results ^ nor can 
Ml argument thus drawn mer«^ly from reasoning be oppos- 
ed to an actual experiment. That the le^ not opc- 

latc merely by aiFording a surface, at which light acts 

in a favourable manner on the water, Xngenhpus|^ appears 
to have established in a yer^ satisfattOiiy manm^rs^wblt 
even as the farther^dedliction, t^tthekaf operates in these 
experiment's in consequence of its organic structure, and the 
actions connected with this. Thus,in exposing to the sohr 
light, in separate portions of the same water, living vegeta- 
bles, or the leaf of a plant newly detached, and tjubstan^^ 
which ini^ght equally alFotd a surface on the lj|gM 
might act) as pieces of silk' pr'clothi 
forded very pure oxygen, the latter |[ajrc tioaiS ^ 


r Philosonhical Tunsaction^. vt>l. Iwii. o. 4<fl6* 
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gen given out Is purer when the upper surface than when 
• the Under eutface of the leaf is exposed to the light * ; and 
n larger quantity of oxygen is given out from leaves jn a 
state of maturity and vigour, than from those which arc* 
feeble, and inqiperfectly developed f. While the leaves 
thus give oxygen, and improve the air, the flowers and * 
other jpaits of the plant always deteriorate it leaves* 
*which arp dead, or have their organization destroyed, 
give out no oxygen H : the emission of this gas from 
leaves under exposure to light, in conformity to this last 
fact, continues only for a certain time : and, lastly, the 
quantity of oxygen evolved is greater than can be supposed 
to be derived from the air which water holds in solution *, 
and idle water surrounding the leaf, when the cessation of 
the production of oxygen has taken place, instead of bc<* 
ing deprived, is^, as Ingenhousz has remarked f , saturated 
with it, sparkles when agitated, and gives it out when ex- 
posed to heat. All these facts appear to prove, that tl.i 
^jproduction of the oxygen, under these circumstances, n 
wthc result of a function perfoimed by the living leaf, and 
capable of being performed by it alone. 

, Independent of this proof, the facts w'hich have been 
Stated in opposition to this*" conclusion are suificienily re- 
conciled with it, if a discovery annouuced by Sennebler, 
and confirmed by Woodhouse and Saussnre, be regarded 
.as su$ciently established, «^that the production of oxy- 
^gen by plants^ exposed in conrection with water to the. 

. i. > . 

* ]feilj^ienec8 wiPfe Vegetaux, tom. ii. p. 19?/ 

Sbui. tom 1 . p/ Jg8. 316. 

% ibid. p. (/7. 71. m 271*. 

^ p. Iii7. q Pbilosoph. Trans« vol. Ixxu. p 4‘ 1. 
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solar Itght, depends principally on the carbonic Jtcid whicli 
the water contains. Sennebier remarked^ ^iftt/according* 
to*the experiments of Priestley and IngenHouszy the leaves 
of plants exposed to light in Vvater which had b^ boiled, 
gave no oxygen gas, a fact which he verified hy expert* 
tpent } while, when placed in weil*water ne«^ drawn, 
this gas was emitted.* The object, then, was to discover, 
what circumstance attending the well>water favoured this 
production of oxygen *, and th|,s, fie^lbier supposed, tvas 
a portion of carbonic acid contained in this water, the de* 
< ompobition of which afforded the oxygen. He therefore 
impregnated water with c nrbonic Sdd, in different pro* 
portions, and compared the quantity of air" given out, 
when leaves were exposed to the solar light in thefo por> 
rions of water and in comnum water, or water which had 
been boiled. In the last, he found no air to be given ont ; 

s 

in the common water, a little was evolved ; and a mncli 
larjTcr quantity was emitted from the water impregnated 
with carbonic acid. He farther found, thkt, after a cer- 
I iin time, the impregnated water lost this supei^ortty, and 
^liat it Ic^bt it inst tiiily when thd" carbonic acid was ab* 
‘'tneted by boiling, or by thq addition of lime-water j 
\ihilc, if a little acid was added, to ^disengage the car-* 
home acid from the lime, the power of furnishing oxygen 
was restored. These facts appbar to prove, that the puo- 
duction of oxygen, when leaves are 
water to the solar light, depends, if n^'^OlyTlilfcl^ 
m a great measure, on the decotnposttioti csthomt 
icul contained in the Water * 

% * Jouinal dc Physique, xli. p. 

Phvs4ylogie Vegetal, tom. in. p, 198- 
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'UJ^Ws^^^peritn^hts have been confinjie^ by other au- 
*thotkies.;lnget:ihou $2 founi^ that if vi^getables are submit- 
theicti^n of the scalar lights tuidcr water which has 

A,' ' - ' ' ‘ 

bottle4 ^tqijgly* no.oaygen gas iac^t^ped ; but> ou 
itnpregn^g^ IHU w^ier with carbonic oxygen is ob* 

. tained in <|uantity, and of gre^at piu^ity Woodhonse 
fov^i«diat air produced by the exposure of the leaves 

'vilf ^asits to .the wlt^ght in river wat», was principally 
i,t£^atOgen } 'while,f]^|^tQia..the saibe wate^, with carbonic 
''.rsici4»,.3WM oxygen gas, of a high degree of purity. “ The 
leaves ^ tlrirteen different plants, separ.ately exposed in ; 

! .,fprt]rquaCf«j^asttn^ of the water of tbe., river Schuylr 
product abotlJt>tcn drachm measures pf air, tlte 
.^rinc^l part of which. was.;^otic gas ,} whereas same 

^ikiiKl of leaves, exposed, in tl^ same ^quantity of the same 
Vat«, impr^ated with wbonic acid, yielded seventy- 
'^seven dtadwa soeasutes of oxigenOus air, of a very high 
„t^gree of *® to- be observed, however, that 

^W^oiRi^.the ;w!^, is -too strongly imp};egnated with the 
carwnl^ acidi it proves injurious to plants. This was 
!|{i8<ij^^ined both byTrmUey and Ingenhousz. It is only . 
(^hm it is more slightly jyi^regiiated, as Ingenhousz has 
; r^marjkedj that thdy flourishy and that oxygen is cvolv- r 

' • ia;,5pi^ too, which has b^en assigned 

^Ottj^:i^hyvthe to water ^employed in the 

to influence the production pf^OKyjlen. * 



cnce$^ sur les Vegetaux, tom. ii, p. 78. 
blsonS Joomai, 8yo. vol: ii, p. 157* 
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In water that has been boiled, th^ in solution 

is expelled 5 and hente, when oxygen is elqahied by ihe** 
leaf exposed to the solat in sack water, the first pot^ 
tlons arc absorbed by the water, and it 49^0 not pass to 
the elastic state until the water is Bat4tate4> ^isrhUe, in 
common water, there is no loss from this cause 

A series of experiments mtdo some years ago by Count 
Rumh rd, has been supposed to affind results unfavour** 
able to tbe conclusion, that the production of oxygen de* 
pends on a function performed by the leaf, and connect** 
ed with its organization and Jife. In these experiments, 
various inorganic substances, such as raw silk, eider down, 
cotton, and linen, immersed in water, and exposed to the 
solar light, gave out oxygen gas, some of* them, in ^ large 
quantity and in as great purity as regetables do f , Though 
considerable stress has been laid on these experiments, 
they are, however, little conclusive. In almost all of them, 
the experiment was continued several days before the air 
pr'^duced was withdrawn and examined } attdlngcuhousz, 
in some observations on tliem J, very jfustly remarked, 
that the production of the oxygen might be from the green 
matter onginally observed by Priestley, which is always 
generated when water is exposed to light with any vege- 
table or animal matter. Rumford himself, in relating 
iub experiments, generally states, that the water lost aome- 
what of its transparency, and acquired a greenish tinge s 

• FUilosophiral Tiwsactiotii, V«l. Ixjtii. p. 429. 

■t 1787,p 6K 

t E'cpericnces snr Kb tom ti. p» S6iS. 

’ |i riiilosoph. Tian. 1787, p. VT. 9^, 97. 100. 102. 106.j 
C3 
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and ht ad4B* on examining water which had acquit-* 
41^ this gfeen tbgei he :tound, that the green matter, 
1^hlch> with IngenhousZ; he considers as a collection of 
atiizbalcttlw, had been formed * • In some of the experi- 
ments^ evol&tion of air took place sooner th m it couLl 
be supposed any matter of this kind was gen^iratcd , but^ 
in the experiments in which the air evolved at this early 
pifriod was* examined;) was found, Miith the exception, 
jet one or two expenmezitss of the air from raw siiL, to be 
not oxygen, but apparently nitrogen, or, to use the tcim 
in which the fact was expressed, « uas much worse than 
common air and it was only after the fifth or sixth 
day# when the production of the green matter might have 
taken place, that the production of oxygen commenced f ; 
md, in one of the experiments, the appearance of ih(* 
green matter, at the time u{;hcn tlie oxygen began to be 
produced, is distinctly remarked : on the fifth day, « the 
watq^ ^angimg suddenly to a greenish colour, begin all 
at once to gite good air m great abundance He ob- 
:icnfed also t# that the leaves of vegetables lost their power 
of emitting oxygen, when exposed in water to the sohir 
li^ht, after an exposure of two or three dayt, (the or- 
{aitixation and life of the leaf being probably by this time 
mbverted) ; they then, for a Certain interval of time, inr- 
ush no oxygnn#-^ feet directly subversive of the opinion, 
any dead inorgamc matter, immersed itr water and 
iltposad to light, will ^ord ait, in consequence of afibrcl* 

^ V ^ 

#!]^osophi^ Transaetious, 17B7, p. 111. 

. p. 103. 105. ipa. 

tWp. no* 
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Ing a surface at which the light can on the water. 
But after this interval, they again resuaiea |K>wer of ‘ 
afinrding oxygen ; the peculiar green matter a^hich affords 
tliat principle being then prodocedr^a fact which atrong- 
Ir proves its agency in all these experimedts. Aid, laap* 
Rumford fo 4 nd| that in employing a sufaettmee viiich 
could neitlicr exert any chemical a^g^oy on the ^ater^ 
nor contribute to the production of the peculiar green 
matter^ but merely afford a surfacci whence the ak con** 
tamed m the water might be extricated by the agency of 
1 ght,«-^suchp for example, as fine spun glass ; in this case# 

\ ery httle air was cxtrasCted, and the small quantity ob« 
tamed* instead of being oxygen, was rather worse than 
common atr* and* a> Rumford remarked, was doubtless 
merely the atr wtth which the water had been overchaig;** 
ed * .** These experiments, therefore, rather confirm than 
ui^ahdate those of Priestley and Ingenbousz* 

Lxperiments performed by immersing the plent in wa- 
ter may sidl* however, be supposed liahio to some sources 
of fallacy \ and it must be considered as mote satisfaemry* 
to detcrmiue the changes occasioned in the suiTpundipg 
air by a vegetable in its natural situation. This has ac- 
, cordingly been repeatedly made the subject of experi- 
ment, but witli results far from being uniform- 

Dr Pnostley, at an early period of hi$ researches, had ob- 
served, as has been stated, that air injured by respiration, 
putrefactionjorcombucytionjWasamehoratedbyplanta grow- 
ing in it|*though sometimes it was rather farther injured f . 


* Philosophical Transactions* 1787, p* 113- 

t Experiment# on Air, voU h 
C4 
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la thfe c?u>«i however* it .tppears from hit* expcrs- 
ments* thol th<Si plant confined in the air wab growing in 
eanth ^ and the action of the vegetable mould might Ihivt. 
given to the result he observed. In other cases, wheie 
he fnerelyintrddueed the flexible shoots of plants, by bend - 
ingthtoi into jars of air* the air was ameliorated 5 and he 
observes* that all the cases in winch common air wis im- 
proved by vegetation* were those in which the exper- 
meftt was performed in tins manner ** , of which he gi\c 
a number of examples* with regnd to diffcri'nt plant., 
lie found* too, that plants did not flourish when then 
brandies were intioduced into part oxygen gas , Uiat this 
also was the case when they were confined in carbonic 
acid gas* either pure or mixed with a portion of atmo- 
ipherxe ain Dr Percival, on the other hand* had ob- 
served* that carbonic acid gas* supplied to growing vege- 
^tables iti a small proportion, was favourable to thc'n 
growth t* And Mr Henry xcw.r, in repeating these ex- 
periments, had observed the same result, obsuving, at 
the same time* that* when the vegetable* submitted to 
experiment were confined in pme carbonic aciil gas, they 
soon died}:. Ingenhousz had rentarked, tint plai.ts, 
confined in an atmosphere containing a portion of car- 
bonic ga«i* decompose it* or convert it into oxygen , 
when exposed to the s<9ar light 9 aiKl he stated, at the 
same time, that the dtmt application of this light Is ne- 
cessary; so that, when it is t*vcn only partuHy excluded^ 


* ExptnmcTits on Aii, vol. iv* p, 300. 305, 307. 

f vM^ndicbtcr Memoirs, voL xj, p, 31f>. 
t Ibid. p. JJ7. 
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the conversion does not take place, and, in a 4$tk place, 
oxygen is consumed, and converted into cartKniic acid 
lie farther observed, that air vitiated by respiration ia 
leotored to its former purity, by shoots or branches of 
various plants being confined in bottles filled with it, and » 
exposed to the solar light ; and this happens without the 
presence of water : «« A leaf of a vine,mdosed in ailask . 
capable c i rr ntaining about an ounce of water full of air 
infected by respiration, vi ill re-establish it in an hour and 
i half f " The experinicntB of Sennebier nearly cor- 
respond with those oi Priestley, He found, that the 
air inclosed with the branches of plants under glass 
receive! s, placed over water, and exposed to the sun, 
was almost always a little ameiioraicd ; and Wd$ "still 
more .so, when the branches were removed during the 
night, and when they were renewed every day, or were 
in connection with the plant, lie found also, that when < 
blanche > were exposed to the light in this manner in ni; 
trogen or hydrogen gas, rtnewing^ them everyday, and 
observing the result daily, there v/as progressively an ad- 
dition of oxygen gas, so that, at length, a taper Intro- 
duced into tlie nitrogen gas burned brightly, and the hy- 
drogen gas, on transmitting through it tlic electric spark, 
gave a violent detonation J . 

This subject his been still niore lately investigated, 
and several series of experiments performed, but w'ith re- 
sults which are still more discordant. 


t 

^ Experiences sur les Vegetaur^AiOm* I. p, 52. 2t>v< 
• f Jounul dc Phybique, tooii. KXviiu p. 84*. 88. 
t PliV'tologi^ Vty/'talo, tom. iu. p. 2-’'“ 
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.fifSt of these have been pcrforn’ccl l>v '.*r Wood- 
* ; ihousej'^proi^eG^orof chemistry nt Philadelphlrt. He ccn- 
:> fined y$a:iou$ plants in atmosphi-ric air, expc: i; them at 
the same time to the solar light. C arbonic i, ' gai was 
< \Wi;eneraIly,forfced; and whenever this Lircum?/.:' . , happeiir 
e4v die’purity of the air wan filmirlr.hcd/' '1' :ic vc?uko 
'were ^similar when they were confr^cJ in gas, the 

|$hint^ however, generally f.oor» dyl.*" ba Dr 

Wdodhouse, however, huttv.d of difoirl''.- r, ■■ {\%“ 


periments that the consumpti /iicf o\ygca . -vrn.rios?, 
of carbonic acid were function- p/rfermed f} living 
ptot, rather concluded, that tlie proci^'L:::Ju ti.-. cm ‘ 
faonic acid is from the leaves of the confined :.i :: :n p.u: 
decaying, and the oxygen of ihc .kt r’d:., • H>h the- 
carbonaceous matter of the d<*:.d of i > . if. Jle 

! supposed, even, that the carbortlc ;;cid ij <lcc ■ . ; - by 
the living jeaf, its carbon abi,;racti{h aiv; * •‘r.ygc*’! 

evolved* And in con£nr.;Oion of ihls opiriic/ . ■ 
the experiment, that when leaves of dilTerent ^ ; , v/c]f' 

expildis^d to the solar light in aimo'jphcric air. iug a 
^quantity of carbonic acid nji.=ccd vnrii it, the ve..*. j acid 
* disappeared, and the atmcAj^hcrlc air was 
"in purity. He found jalso, that leave:- nnmer, ' water 
containing carboijic acid, afforded <»xygcii om v-. '.aie to 
■ solar light; vyhile, if the v/:^^Lr contained rn> v.-bonic 
acid, they afforded an air which v/as puneipally 
Hence he concludes, tint in all cases where oxygen ..ppears 
to be produced by vegetables, it is derived from the dccom* 


, position of carboniifwid ; and as little of this eas j i con- 
the atmosphere, he supposes that the vegetable 
have, little effect in preserving the purity of 
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atmospheric air* The production of carbonic add^ on the 
other hand, he regards as always arising from the action 
of the oxygen of tlie air on the carbon of the dead or de* 5*^ 
cayed vegetable or of the sojL And with regard to the ^ 
general action of vegetables on armospheric*air> he re-',., 
marks, that when a plant in perfect health, growing m V 
a i.O!l whhh contains little vegetable or animal matterf is 
coiihneti in ritmosphcricai air, it will live a long time 
V. Itliout producing any change in it. Many of the vege-’ 
tables v.hicii were the subject:; of these experiments, did 
not aiTect the air sa five <lavs ; some diminished its puri^"' 
;y in ihiec hours, and others ak^'icd it in a most slow'* and,., 
gradiui manner, causing little change in 1: in twenty 

Theodore de Saussurc appears to have formed aa 
opinion iiiniilar to that r/hi.:li had beJjn adopted by 
WoodJiouHc, — that carbonic aci<l is decomposed bygrow’^*' 
I:ig vegetables : he considered tli:?; decomposition as th& 
result of the process of vegct''ttion ; as the source of the 
carbon of the plant, avid (jf the oxygen ii evolves* 
Hence his experinicnrs, in his e\tensive investigation of 
xliis i'ubjeci ] , were principally directed to establish the 
facts with rep ird to it ^ and in nearly ail of them plants 
were exposc^d not to pure atnH;spheric air, but to this air^^ 
with a greater' or leso admixture of carbonic acid gas. His i 
cspcrmients were made by placing riic plants on w^hich he - 
operated, after they had attained a certain height, in a 
vessel, in the bottom of which was such a quantity of 

^ 5 ,.-. 

► * •Nicholson’s Journal, 8\o. vol* ii. p. 150. 

f Rechcrches Chemiques sur la Vcgi^tion. 
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were immersed m it, liierc wer? 
|nti^d^ceH:min various proportions of at 

.^&pi!^k^alr{a^ carbonic acid gas: and t!io vessel; 
%ere taiher exposed to the solar rays or placed in th( 
j^hade, acfordmg to ilte object oi the experiment 
j»0]^^toa gas' did not exceed a twelftl 

ipaKriff^sttinbsphetic air, it proved, according to Saus 
favourable to the progress of vegetation, or tht 
flotirished more than in common air : when it €\- 
ei^'eded this muchj it ^as prejudicial ; and in an air con 

'y'' - ' ' 

^’listing of half of Its volume of carbonic acid gas, th( 
, |UAnt$ perislicfa in se\'en days. At the same time, oxygLi 
;'inust "likewise he present to admit of the plant receiving 
Wpefit of carbonic acid gas. In thf 

4prtmosphet!ei' o!^ 'Which carbonic acid forms a part, and ii 
'Whi^ih' ,the pll^t vegetates when exposed to light, thf 
£&^owk'icid"isJ according to this chemist, always con. 
';'suiA)^d its carbon enters into the composition of the ve- 
' getabte matter, arid part of its oxygen is expenclL’d in the 
while the remaining oxygen, with a small 
ahiTVimubl^ proportion of nitrogen, are exhaled. 

' ^ ^seyen plants of the Fhica m'mor having been in- 
Ihto a mixture of atmospheric air and carbonu 
’ abidfgas, (the latter amounting to Tf parts in 1 00), wttc 

^*^3. V. v?’-' ' W . , ■ 

f C wfijfiieA tWer merciiry, on the surface of which was a lit- 
wal^, the roots of t'fee'plants being in a separate ves* 
andiindcr these arratigcments were exposed six suc- 
^ C^tsive' days to the direct rays of the suri. On thf 
day thfe aiMbad su3ered%o alteration in volume i 
compo'sitfea’ it was entirely changed lime 
;|^^r gave no any cgtrlkp kid in it, w^bik 
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the phobiiLi»ius eudiometer indicated tlic propoiUon of 
oxygwi io be jjj; the original proportion, as determined 
by tho phosphorus, being Or the following tabl$ , 
prerent the results inoic distinctly ; 

rifv orlgiiul air employed in the e?tperimcnt, contained 

tit* 

Nitrogen gas l‘ 11 92 cubic inches, oxygen 5G/i3, car- 
bonic acid 21.75. 

The air, at the termination of the experiment, contain- 
t d o( 

.Nitrog''!! gas 21 S 95 cubic inches, of oxygen 71.05, of 
carbonic acid 0* 

Hence 21’ cubic inches of carbonic acid gas had boon 
consumed by the vegetables: if the oxygen of this had 
been all omitted, it would have occupied a volutne about ' 
equal to that of the carbonic acid which had disappeared; 
but the <}uaiitity added amounted only to 14-J cubic in- 
cho^i hence 7 cubic iiichet, or about the half of that ex- 
haled, is retained by the plant and as^milaied, while a 
portion of nitrogen gas (7 cubic inches) had been ex- 
haled by it. 

From a comparative experiment, Saussure adds, he 
found tint the seven plartts of the Vjnea minor which 
he employed, would have furnibhed, hy decompo- 
sition in close vessch, 9.95 grains of charcoal, pterions 
to exposure to the atmosphere containing carbonic acid 
gas ; while*iho same plants, after that exposure, a&brdcd 
of charcoal 12.23 grains. These rv^»Us> bwathj to the. 
^consumption of caibonic aud^ evolution of oxygen, and 
increase of carbon in the plant, were confirmed by a 
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nattiber of experiments on other plants, (Mentha aqua- 
tica, Lythrium salicaria, Finns genevenris. Cactus opun- 
and the general conclusion established, that under 
exposure to light, plants always decompose carbonic acid 
bf their leases, retain its carbon and part of its oxygen, 
while the remaining oxygen with a portion of niitogeu 
arq exhaled *. 

It is this decomposition of carbonic acid Vhlch> ac<* 
cording to the views of Saussure, is the source of the car- 
bon in plants $ since, when made to vegetate in pure w a- 
ter and in an atmosphere deprived of carbonic acid, he 
found, that they increased in bulk only, without acquirin'^ 
any addition of carbon, or with even a slight diminution 
ofdt. But in common atmo‘^phcric air, where a small 
portion of carbonic acid is constantly supplied to them, 
amounting, according to his estimate, to of the air, 
he has found, (in opposition to Ha^^enfratz, who had 
stated from some expenments f, that plants veejetatinj^ in 
pure water, and in atmospheric air, contain, after tlieir 
growth is established, ewn a h-ss quantity of c.ubon than 
before), that tire proportion of carbon is augmented, un- 
doubtedly from this source. Thus the roots of the Men- 
tha piperita being plunged in bottles fall of distilled 
water, and allowed to vegetate, under exposure to the air 
and lights it was ascertained by comparative experiments, 
that loo parts by weight of the plants employed, contain- 
ed 40-29 of dry vegetable matter, which 10.9G of 

carbon; while after vegetating, a$ in the above tx pet iment, 

f 

* Rrcberchea, p. 42, 43. 

■f Annalcs de Chimle, tqm. xiia. 
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for ^21 months, the 100 parts had increased iu weight to 
216 parts, which dried weighed 62; and from these were 
obtained, by decomposition in close %'e$sels, 15w8 of 
diarcoal, or 4.82 moic than what they contained at the 
commencement of the experiment. A similar result was 
obtained, when beans were made to vegetate in pieces of 
f int, in a glass c<ipsule, and supplied with distilled waten 
*J^he origin idl beans gave 22^ grains of charcoal ; while 
after vegetation in the open air for three months, the 
plants afforded 51 grains 

light is not applied to plants, other actions are 
/^terted. Caiboiiic acid, instead of promoting the vege- 
tuicn, is liurtful to it, and does not appear to be dccom* 
posed, or is decomposed at least only in minute quantity. 
In atmo'^pheric air freed from carbonic acid, the recent 
leaves, when light i$ not present, consume a portion of the 
oxygen, and after a short time, or some of them imme- 
diately, form carbonic acid gas which is expired f. This, 
if not removed, proves injurious, while the plant remains 
in obscurity. But if light be admitted, it is then rather 
advaniagtous, tlie plant rgaiu decomposes it, retains its 
carbon, ind emits its o\\gcn. Thus, if tlic vegetable, lin- 
der exposure to light, he inclosed in atmospheiic air with 
4 portion of lime or a solution of potassa, wliich absorbs 
any caibonic acid that has been formed under the pre- 
vious abstraction of light, it soon dies, the leaves falling 
entirely fiom the branches in five or six days. If kepi in 
the shade, however, the lime or alkali, insiead of being 
hurtful to vegetation, is ratlxer favourable, as it temovc^v 


Recherche p. 50. 52. 
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the carbonic acid gas, which the vegetable, without the 
tk8siatanc& of light, is unable to decompose 
^ ^These functions are performed by the green parts of 
plants, principally by the leaves* The root, wood, and 
even the pelvis of the plant, yield only carbon to the 
oxygen which surrounds diem. 

The summary view, therefore, of the function of res- 
piration performed by vegetables, and its connection with 
their growth, as given by T. Saussure,is, that plants un- 
der exposure to light, absorb and decompose carbonic 
acid, whether supplied by the atmosphere, by v, atcr, or 
from the soil ; its carbon, with part of its oxygen, enter 
into their composition, and the remaining oxygen is py- 
halod* lu darkness this oxygen, or the oxygen of the 
surrounding air, is again consumed or ab^oibt^d*, it aet^ 
[Ml the matter of die plant, combines uith its carbon, and 
,igaiu forms carbonic acid, which is exhaled : on the to- 
lurn of light, this is decomposed, it^ carbon and part of 
Its oxygen transferred to the plant, and Its rcinauung 
oxygen exhaled i and hence, if a plant be exposed alters 


* Saussure has remarked, that these effects by the lime or ah 
j;ah, are not produced on thick-leaved plants as the Cactus 
)puntia, owing, as he cuppose^, to the parenchyma of the leaf 
sdng so thick, and the epidermis bo close, that they retain mure 
.troiigly the carbonic acid. 11 lime only had been used, we 
night Ime been led to suspect that itb operation miglit be ow- 
ng, as Mr Ullis has since au^^sted, to its depnving the le^f of 
iumidity; but the same operation being exeited by the alkaline 
olution, appeal i to preclude this objection. Saussuie had also 
lefore remarked, ihafHhe operation of the lime k the <iame 
Ah?n It is piCMoiisly inoist''ncd with water -f. , 

^ de Chimi''. tom xxiv p 1 tS 
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mtolf to the light and shade^ neither the volume oor pa* 
rity of the air is altered. It is only by submitting to ae^ 
par^te examination the effects in the shade^ and under ex- 
posure to light, that these are dtscoyered^ and the pte« 

^ ceding results can be t stablished 

A series of experiments has been lately published by 
*Mr El I IS f-j which present a different and more shnple 
\iew I.e effects of vegetation on itmosphenc air, and 
of the biure which it has m th«J*pioc^ss. They lead to 
the important conclubion, not betorc, 1 believe* distinctly 
ad\.i!iced by any of those who have investigated this sub* 
joct, — that the futution of respiratioii vs, as to its resuUs^ 
the same in vegetables as in antmaH *, that the former as 
w'eil the latter, in all situatioiii», conAumc the oxygen 
of the t'lr, by converting it into caibouic acid* 

It had been sufficiently esubhslud by the experiments 
of Sch^^ele, lugenhousz, Gough, Crutekshank, and otbors, 
during the process of genmnatiOn, oxygien is con- 
sumed and carbonic aci<l formed. But it had been al- 
ways imagined, that when the germination U completed, 
and the structure and powers of the plant developed, this 
ceises, and other functions ct^mmence, giving rise to very 
difieicnt lebuhb. With regard to the changes effected in 
the surrounding air, according to the expenmeutb of Mr 
Ellis, the same process is still continued ^ and in vegeta- 
tion as woU as in germination, oxygen w irnnsumed and 
carbonic acid formed. 

. . M . * ■ I I I 

V Rocherches, p. 91 , 

I Inquiry into the clianges induced on Atmosphede Air by 
the Oermiwauon of beeda, the Vegetation of Plaati, aod tue 
^ Kchpii atioti of Anunals# 
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*11 which pUnts died whoa a quantity of lime was put itt- 
to the jar in wUitii they were confinod^ so as* to abstract, 
the* carbonic acid, ho eaipbins on the supposition, tlut 
its decuy was owing not to dm abstraction, but rather to 
, tlie abstraction of the hum'idity of the plant by the limes 
am! he found, thi*^ when the carbonic acid alone is ah-^ 
struct d, cH by stdutlon of potassa, the pknt does nOt de- 
cay froi *i «. ( duse . 'Die experinfen’^s of Priestley and 
Inge»»housz, lu pi oof of the eijlisbujii of oxjgon by the* 
leivei of pl^•lts when immersed lu water and acted on by 
Lg' t, he contends are iuconclusivei Ub the leaf in this si- 
. tuition, and esp^c*allv as detached from the plant, cannot 
1 e ^upno'itd to perform its natural function* 

1 hav<* repeatedly witnessed Mr Ellis’s e\perimcnt$^ and 
hron fully satisfied of thch uccuiiuj, or that the results 
were precisely dtscrd)cd, and ebt>blisbcd without any 
apparent source of fallacy. Yet from the preceding ac-# 
iount n must be obviou*}, that they rre irreconc'hble with 
the experiments of oth^Ts ; and although they agr<fe with 
the o.\perimcnte of Scheele, and In some measure with 
thobe of Woodhpust , yet the dhcoi dance with those of to 
many othcis leads to the bu*ipicion, that there are still 
some circumstances having an important mflucuce in these 
operations, which give rise to such differences, and which 
require to be ascertained* The wliole subject is still in*' 
volvcd indeed in such obscurity mad uncertainty, that the 
most opposite facts appear to bf established by different 
authorities.* 

* Ttiia hst result is however at variance with the expen- 
^ iiients of Saussurc, iu which the alkaline solution is said to have 
had the same Injurious operation on the plan} as Utne had* 
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Thus, independent of the question with regard to the 
production ef oxygen by leaves exposed under water to the 
solar light* sshicb has b^en already considered, thete'are 
results with regard to the nature of the changes pioduced 
by plant<i in the surrounding atmosphere, whiuh appear 
altogether irreconcilable. That they consunic oxygen 
and ftrm carbofitc acid, not only m the dark, (for thi? jp-^ 
pears to be admitted by ercry experimenter), but under 
e^xposure to light, appears to be esublidif d hy some of 
PjJestley^s early experiments, and by thv>‘>t of bche^lf, 
at well as by those made by Mr £lh>i and that oxy- 
gen even sustains the life of v«g( tables while the other 
gases prove fatal to them, is proved by the expel imont > of 
Ingei)hou*»3t, to be immediately statetK On the otht r hand, 
that pbntS consume carbonic acid, and give out ovy^;^ u 
gas, not only when immersed underwater, in which ca^e 
a source of fallacy has been suppObcd to exist, but even 
when placed in atmospheric air, or ui carbonic acid gas 
in a state mote or le^s diluted, is directly proved by other 
experiments of Priestley and of Ingcnhousa, as wdi as 
by those of Woodhouse, Sennebie’, and Saussuie, al- 
* teady referred to. The subject is at present peiltaps in 
that state xti whieh we con scarcely draw a deckled con- 
du|Ron. Yet the weight of cv.denrc, I must confess, ap- 
pears to me still fo preponderate m favour of the conclu- 
sion, that vcgehkUes absorb and decompose carbonic acid, 
and g^YO out Oxygen wheu exposed to light i for the ex* 


^ Exf^oriments on Air, voU i« p. Dl. ; voL iv..p. 29G, SOCl. , 
SG5, See. 


or vEatTABtr*;. 


jjeTim'^nts which establish this,^arc exttemdy numerous 
and diversified, and no source ojf fallacy hastfecn fnoimed 
ouf| sufficient to account fpt them, supposing the fact not 
♦0 be established. It ih true, that there aie 5 til! at va* 
riance u-jth tlssc, the e^cperimnits winch appear to prove 
the consumption of oxygen, and the formatiop of car-^ 
b nic acid i and it were dc^nablc to disc*over the ebreum'^ 
stance < y which they may be reconciled. In thew? expe* 
riments it appf 'ir^ to m that there is one hource of error, 
whuh has r >t been sufficiently e‘>timated, and which may 
i% li have gi\en rise to the results ih.it were observed. 
The p>rit> submitted to experiment, both in the expert 
incurs 1 1 Svheck and of Mr Ellis, weie those the white 
and suvvjLiit sum> of which arc lirge proportioned to 
tlicii leaves ; sucli, foi example, as peas, mustard, 8 cc, 
NoWt it appears f»oin the experiments of Ingenhousx aud 
Saussu'e, that it is only by the green parts of plants that 
carbonic .wid is decomposed atul oxygen evolved ; while 
iic m the white and succulent partsji U is e^tibllshed by 
^ HI urc, that Carbonic acid fpuned by the action of the 
o\}^f'n of the bu mujihir air upon them s and Ingen^ 
houbz many \c u > a^ t okod, that the pv»wcr of ame* 
horating the atmospheu, js exeited only by the leaiC’* ^ 
that even the green sf oot; possess it imperfectly, and that 
it is not possessed by the flowers or ftutt 

An important difficulty likewise pre onts itself, on the 
supposuiQQ that pbntjb consume oxygen, and form cor^ 
bonic acid. Whence is the spurev of the carbon which 
forms this acid, as well 4s of that xxHch likewise enteib in-- 

>■- - I --- r-rr i.- ■ -n-i-J ■ - p-- — 


♦ Jouipal dtf Phyaque, tom. xxviii, p* S 7 * 
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to tj^e pyStiit>o$ition of the tcgetable mattci ? When they 
^ grow in 3 rfch soj!| it might be supposed tlut from this 
4here will be a sufficient supply of carbon. But when 
thefy grp-vr in water and air ^lone, the quantity of carbon - 
aceous matter originally contained in the seed and root, 
will be found not Sufficient to form the carbonic acid, 
nrhlclf in conformity to this \iew they must be supposed 
to eashale during their growth^ and still less that which 
^enters into the conijiositiwi of the vegetable iisdf. Nay, 
if we consider to how short a distance the root^^ of a plant 
e^ctend in the soil, how little of this soil is carbonacec.ii« 
matter, and how seldom, with regard to many plants, this 
^ 80 x 1 requires lo he rcuei^cd, it will be percintd, that 
thou^ It were supposed that the t irbon, which in the pro* 
, gress of the growth of the •vegetable is fixed in Us i om* 
position, were derived fiom the ^il, it is impossible, on 
the supposition that plants are constantly consuming oxy- 
gi^u and expiring carbonic acid, to suppose, that the much 
lar^t quantity of cat bon which must thus be expended 
Ip the jormation of that acid, can be derived from the 
source. It is fTUe, that such a dilEculiy cannot be 
opposed to experiment, were this direct and incontrovert- 
ible ; fcttt where the experiment is otherwise, and is op- 
postwt by othets, it certain that such a difficulty must 
much weight* 

It is to be observed, fipwever, in concluding this sub- 
ject, that the changes effected by plants in a stale of full 
l^rowth and vigour, on the surrounding air, are touch less 
fisaii h8\e b(.en imaglupd, and that when supplied merely 
with wster, they ate so incowidetabk as not to be very 
percentibk*. Thus Jlassenfratt inclosed the branches of 
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l»rowing plants in atmosplionc <iir, th^' rpot<5 being either 
ill water or in CfirtU, the f>urface of which vfas covered 
wirfi a plate of tinned iron, having an aperture in^it 
thiougli which the stem rose, iiid this aperture bein^; 
actly closed with soft w'ax, so that :i jar supported on the 
pkuo had its orifice sunounded with water* In both these 
n.odcs of making ih^ experiment he found, that though 
the phiifi «?rew, y'‘t nt the end of a month and a-hall or 
two n'aMihs, the air remained uifalrcrej in volume, and m 
the [’(.poit on of oxygen"- It ts probably principally 
fi ra the Soil tliat plants derive tliCir Kounshm^^nt, and 
ilioy .uo unquestionably much less Oepaadent thui ani- 
in. h o.* the surKiunding air. They require also a less 
supply of nutritious xiianer, asthcii growth is muplfmorc 
olowj and they lose !<’■»> by any o\ct^.tior, 

tables arc capable oi being acted on by the other 
acri il iIuhU, and of **cting on them ; though, with regard 
to this, consideiable div^Tsuy pievalls among the experi- 
m Mits of tlifitTcnt chemists. According to Scheolc, vege- 
^ du not flourish in oxygen gas, but ou the contrary 
tiOcay ind die f ; i 1 the ^amc conclusion was drawn by 
Tiiesiloy from his Cajm uireuts Jngenhousz, ou tlie 
contrary, allirms, that j plant confined m oxygen gas, and 
either exposed to the light or kept in a dark place, veuc- 
tales \ciy weU, and in general lives Linger .md is more 
vigoicus than when il is mclosod in a similar quantity <'f 
atmospheric air; and it live^ siiij longer if tlit carbonic 


* Annalea do ( himic, lom. Ktii. p^. :52a. 

Cbenucal Observattutw and iiip^nmtUT , p. 156* 
I Expciimsuuon Air,\J iv, p. 326. ; voK\. r- 1*5 

1)4 ^ 
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acid gas i»hlch k genorates, at least when iept in dark* 
neiiSf be absrracred, than tf it be allowed to remain. The 
pn^semre of oxygen gas, according to bit* expcntnciitb, 
en ibies it even to resist better the pemicicub operation of 
other aferial fltilds The results of Saussure’s observa- 
tions appeaff on the other hand, to agiee with those of 
Schceje and Vfioetley i as he found plants to flourish less 
when tepOin the si ade in pure oiygen gas, than in oxy- 
gen diluted W'ith nitrogf^j or hydrogen, either liom the 
immediate action of the ^ xygen or from m mc ciiboiiic 
acid being fanned f There is some reason to beltfie, 
that tut all the expeiunents in which oxygen has appeared 
injurious to vegetables, it is from this last cau<-e iliat thir 
has dlrisen, and that d rectly it is rather useful, and is 
even n^ce^sary to susnni the functions of plants. This 
in particulitr appears from plants dying when kept in 
V 0 cm, ami likewise from the effect<> of the other gases 
upon thenii* 

JPrieatley foui%d| indeed, that plants grow perfectly wt II 
in nit¥«>geii gas, or in air that had been injuiod by com* 
bustion or respiration : but, in oppo^tion to this, Ingcn- 
1 bousa affirms, that the gases which are noxious to animat 
life, nitrogen, hydrogen, and carboiiic aetd, prove injurious 
l;k< wise to yegetableSf When yeung plants arc confined 
in any of these gases, he found tlicm incapjhle of resist- 
ing their noxious operation, either in the shade or undci 
exposure to light | and even when they have acquired 



^ Expen*' n( es 8urfcs^V^gct«wx, tom. ih p. JO. 2J. 76. 
f Jtec'fiches, p. 02. 

fexpcriiTnnti ott Air, eol iv p. 30^ S20 
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more vigour, nJthough they resist it for a few days un- 
der favouraWe circumstances, they at length decay and 
die Carbonic aclJ gas appears, from his experiments^ 
to be peculiarly injurious to vegetable hfe, especially if 
•t> noxious quality bf* not counteracted by* exposure to 
solar light f • And if a plant be inclosed in common air^ 

t 

or in oxygen gas, and be kept in a dark place, if the •car- 
bonic awui 't generates be abstracted at intervals, it grows 
better th^in ri it be not removed :}/ Priestley likewise ob- 
rved, as )» i» been already stated, that carbonic acid gas 
IS in] ui ions to vegetables 1} ; and even Percival and Hen- 
. ry, who v ontended for its utility, admitted, that it proved 
hurtful if 1 1 iK pur<‘ >tatc, or uftmixed ith oxygen. Hy- 
drogen g,is Pnestley lound to be less injurious; and* by 
some I ' »nr^, as the willow, he ob^otvevi it to be absorbed, 
without lujury, ia ionsijerabk* quantity ^,~an observa- 
tion coniirnied to a c< rtain extent by Ingenhousr, who 
farther observ’ed, that the plant, when exposed to the solar 
h dit 111 Ijydaigon gas, gives to it oxygen, so as to render 
It ,1* Icngtli < ipable of exploding, on the approach of an 
ignited body §. According to the observations of Hum- 
boldt and others, hydrogen appears to be even capable of 
supplying, to a certain extent, the place of light, and of 


^ Evperiencps ‘lur les Vegetaux, tom. n. p. 5. 
h Ibid, p, 72. i IW. p. 76. 228. 

i| Experiments on Air, vol. iii* p« 303. 
f Ibid. \ol. IV. p. 820* 930. ; voh v. p. 2. 

§ Experiences sur It's Vegetaux, tom. iL p* 330 . ; toin. i. 

p. 
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enabling plants to retain then green colour, which thrjr 
otheTWii>c lohc when light is excluded 
* Mr Davy some years ago obseiveti, tint ‘■ome pianto, 
mniLinot for example, grow ni hydrogen gas, when sup- 
plied at the same time with watei, absorb a poitiun of it, 
and, when exjioscd to light, give out oxygen; wlule 
others, ns foxglove or hemlock, die in it very quickly, 
lie observed a similar difference with regaid to carbon u 
acid gas: many vegetables, when confimd in r, and ex- 
posed TO solar light, flourished, part of the « irbon c aCid 
was decomposed, and oxygen evolved; whiK oihcr*, 
especially aquatic plants, die in it in a very short time f , 
Mr Gough found, thdt nitrogen gas is ir ] uncus to 
growing plants. It nthcr appears, however, from his 
expeiiiTients, to h ive exened no positively noxious p wer, 
but to have provtd hurtful only by i \cluchng oxygen ; as 
when the plant confined in if w.^s transferred to atmo- 
spheric air, its powers of v%etation were renewed. He 
concludes thoiefore with Ingeidious?, iliat o.yg n is u- 
ccssary to •sustain vegetable life 
Saussure, m his late expenintmts, Ins likewise diKcied 
bis attention to the influence of the diflticiit ga^es on ve- 
getation. Nitrogen appeared to be incapable of sustain- 
ing it : jthe plant continued to giow' for a short time, in- 
deed, from the pottion of oxygen wfiith its green parts 
exhale ; but plants * not possessed of such parts, or dc- 

* Journal de Physique, torn, xlili. p. 

I* r r»ed<loe8^s Medical Contributions, p. 156. 163. SWK 
•i^Chrmical Rciearch«!S, p. 583. 

I; Nn-holsotfs Joursal, vol w. p. 217. 
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jiiived of them, wore found nor to vegelate In nitrogen. 
Some vegetables! m \UnLh the green parrs were abun- 
dant, •flourished m It for a considerable period. Li dark- 
ness, pi ints confined in it evhaJed carbonic acid. The 

gon-ral remits, with rcc lui to vegetaiiox> i|i hydrogen gas 
i 

and in c irbonir oxide gas, he found to be nearly the sam'* 
in nitrogen ^ • » 

Th( ft » of vcgctablfs pciform functions vidth regard 
to icnal ill. ! d-fferent tnnii the 41 ive-?. They consume 
o" n, and form c ubonu acid; and they are injured, 
II 1 1 it hiJgtli decay, when confined in carbonic acid, ni- 
•trogeti, or hydiogcn gis f The stems and branches of 
plants confined m atinospli/uc air v tuie it either in the 
sha<k or under expofurc to light, without changing* its 
vilupi , aj they replare die oxygen they consume by an 
ctjud volume of carb me acid gis The green membra- 
nous tissui With w] uli tliese parts are covered, counter- 
act •* this under exposure to light, by decomposing part of 
the t nbonic .uul winch is formed ; but the effect of this 
y-i \ery trivial [. 

The flowers of plant‘d produce changes on the air simi- 
^ lat to t)n>e produced by the roots and branches. They 
appear to cxhal(‘ also a portion of nitiogcn ga$ in the 
shade ||* 

Secretion i» a function performed by vegetables, and 
^ subservient to the formation of their seveial ptoducts. 
Wt're the sap which they absorb, and which is conveyed 

♦ Ucchcrchca, p. 194f. * 

^ f T. Saubhure Rechercbes, p. 101. 109* 

Ib'd* p. 116. li Ibid, p* 126. 
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their vebe^^ls, merely changed by the futjction oi 
res(Mr4th]W and the action of Ji^hti oneprot^uct only could 
he formed from it in each pljwf ; buf vcj) diffcreni pro- 
/ducts are formed and deposited in clifTnei.t pirts of the 
; and the formation of these must be roga 
as depending on the action of the \e$scls, and thcreiure 
as arising from a function at^alogous to secretion in ani- 
mals. Tlie organs in which this is performed arc not 
well deurminedw Th& utricles, or those bundles of ves- 
sels found in the stem and other parts, have bten con*!- 
dered as secreting glands ; but this is not est ihii .hi d by 
any proof. The secreted substances are probably design- 
ed to serve some purpose in the economy of the vegetable, 
©r to protect it from external ncixious iigents. They con- 
ititutefhe principd prox.imfVte principles of plants*. 

After these observations on the functions of vegetabi ^s, 
we have to trace, as far as ran be done, the operation of 
those substances which are received into the vt getable 
Bystem, and those processes by which these jn innvortod 
into the varieties of vegetable matter. 

The seeds of vegetables conM-^t of two r^senti d pirtc,— . 
of the Germ, or small bud, the part endoui.d with life, 
and the rudiment of the future plant $ and of the Cotyle- 
dons, OP seed lobes, which are connected with it, and 
which, in the dKtvelopement of its powers and the first 
stage of its groWtlk, appear designed to afford to it nutritious 
matter. In the germ two distinct parts are discoverable,—* 
the radicle, which descends from the lord,* forming the 

f 

root, and the plumtila iorating the stem ; and it is> con- 

E ctctl with the cotyledons bjr slender vessels, »hich ra-. 
through (heit substance, aud which unite at their 
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Lonnecttcn vrlth the p rnu WJipn the seed is pUutcd in 
the ground, or pUced in other situations fiivourjJbJe to its 
Vt gerjtion, if .ibsorbi* mokt rc, and swviiNj tLe radicJp bo^ 
gins to shoot out, ami, at the same time, tliesuki'anceof 
,ilKfsecd lobes suflcT, a cliinge in its qualiriL's the fecub 
oi which it principally cunsi^^ts bring coii\ertod into su- 
gar* Ihls con -t •tines the vegetable function of germlu- 
atioii, the stage of vegetation, aiivl, W'hf ii petfonutd 
o \ c.iia n gl Jins prel minary to t^rmenfation, the proccs? 
C'i ivul'ing. Its coiincctKtii wuh ihc\-»e plocesse^, it 

h*.* beci* at(.dly examined, and the princip il facts with 
regard to it haw been det« rnuned. 

It has beeTi . iccrtained, t! at the pre^^ence of oxygen is 
indispensable to germination. If seeds inoistcned* are 
pi i« il iti v.i 7/0, rhey lio not germiiute j as was long ago 
ascertained by liojle, in his cxpcTuneuts with the air^* 
pump. If th(»y are confined in nitrogen gas, hydrogen 
gas, ca) borne at id, or nitric oxide gas, or if they are placed 
o\i i (juak liver, g( rmination does not lake place* "When 
inimcr-u* m lAutjr fiom which the atmospheric air is ex^ 
eluded, tliey sw«‘l], and the radicle is lot nied, bin vegeta- 
tic n make > no i utlier progress. And in .ill these ca!>es, if 
the seed ha^ bun moi teaed, tlie life of the germ is hoon 
lost, llie matter of the seed decomposes and bt'coinos 
pntnd, and a portion of gas, 'consisting of carbonic acid, 
with a little carbonic oxide or carburetted hydro, am, is 
disdigagcd. riiese facts have been uneqmvocully deter- 
mined, by the repcMted experiments of Scheelc Acluid, * 


♦ Treatise on Air and Fire, p, 151, 152» 
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* Whtn atmo^photK air or oxygen is adnfiitttd to tin. 
moistened s^*cif» gtrmitiAtion soon commetiie^j am^ at the 
same time, the oxygen is con&unied, and carbonic ac^J is 
formedi as appears to Ium bieii first ascertained by 
Sch^'cle, and a» has since been tsublishcJ by the e'per)- 
mciits of all those who have investigated this oubjcci 
The germination is cvv,ii mere npni m th n \n 

atmospheric air, Ao Huber ascertained, both hy ixpo^ ig 
seeds moistened to oxygen gas §, and by plaung ihcm^ n u 
comparative experiment, in common water, and in watti 
impregnated vith osygen ^ It was likewise found by 
Huhiboldt, that seeds which horn having b cn long kept 
did not germinate when mow»tene<l and expose d to * m • 
spfaieric 4 iT, began to geimmate when moisteiicd 
water impregnated with oxy^muriatic aciJ, which iflord- 
cd 03tyg€fn to them in a more conden'‘cd state , and ihrt, 
by the application of the same liquid, the g( im 1 u imi of 
seeds in their usual state was altrays acceleiatcil f ic^ 
which have been confirmed by Von Uslar 4 ind T S ui 


* Journal de F’hysique, tom xxmu p. 83, 
f Manchester Mcinoirs, \ol. iv. p, 310 
J Kollo on Diabctcnk 
J1 Memoiits sur k Gtrmt’-aiUon. 

tj[ Inquiry into the Changes tlTictcd n Atmosphdic Air, 
by Gci mination, Vegetation, and R' spiration. 

$ Mt moires sur la Gtiminativn, p* 19. 

^ Jbidf p. HI. 

4 ididouphicai Migavino, Yol 1 . p 309. 

X Ob*civ»tiOil^i«m riants p. 138* 
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sure Huber found, however, tlut aUliough oxygen gas 
accelerates germination, it proves rather prejudi^i to the 
pjv>gFe«fS of vc^L tiiiton^ when the parts of the cnjhryo piaru' 
bcpii to expand ; nr:d in twenty- four hours^ it was ncc^s^ 
fo remove the oxygen gas, as otherwise the radicles 
hc\>mc brown and d»’C.iyed j. The presence of a httle 
carbonic acid gas with the oxygen gas, hv found riither 
u'ef ul, p;^'ob.d)iy by diluting it*, for in atmofpheric air, 
th ' progress of germination u rather favoured 5f the car- 
boioc aciil 1)0 veulidrawn ns it is formed, as S.mssure 
found j niul a large proportion of it was found by Huber 
to be hurtful, even when oxygen w^as present J. 

Schctde observed, that during germination, the volume 
of the nir is not sensibly alrcrei!, or the oxygen gas don- 
ruined is repheod by an equal volume of c irbonlc acid 
gas, — a fact which was afterwards ascertaiiied wdth pre- 
cision by Cniickshanh* It has also been established by 
Saussure, w ho ha'- farther endeavoured to show, that the 
qiiniuity of oxycen v/hich disappears in germination is 
that which is necef^ary to the production of the quantity 
of carbonic acid that i.i formed. In his Calculation, how-* 
ever, on which this conciu;>ion is founded, the quantity of 
oxygen contained in atmospheric air is stated too high, as 
Mr Ellis has remarked,— an error arising from his raking 
I^avoisier’s estimaie of tlie proportion, as being in- 
Stead of as Saussure himself found it to be, by tlie 
phosphorus eudiometer 1|. Mr Ellis,' in making the ex- 

* Rcchc relies, &c. pv 4. 
f Metnoiros sur la Germination, p. **20, , 

Mcmoiics sur la Germination, p, 55. 75. 7B, 

11 PhDosophical Magazine, voh vii. p, 158. 
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pctii;nent, obtained a result very nearly corresponding with 
that ob^ned by Cruickshank ; the volume of carbonic 
ipd gas produced being nearly equal to that of oxygen 
y consumed ; a small diminution was perceived, : 
ceeding one-tenth of the volume of oxygen consaiv^ed, 
and not greater, therefore, than what might fairly 
scribed to the lilight condensation oxygen experiences in 
its combination with carbon 

The fa^ti then, estahJiiihed by these experiments, thai 
the quantity of carbonic acid gas produced in germina- 
tion corresponds with the quantity of oxygen gas wnich 
< ia consumed, leads to the conclusion, that in this proces;> 
no part of the oxygen which disappears is absorbed by the 
matter of the seed, or enters into combination with any 
of its principles, but that it merely abstracts caibonaceous 
matter, so as to be converted into carbonic acid. 

Some chemists, however, have been disposed to con- 
clude, not only that carbon is abstracted from the seed in 
germination, but that a portion of oxygen enterj Into 
combination with its remaining elements, so as to form 
the saccharine matter which is the product of that pro - 
cess, Thus, Mr Cruickshank, from considering that car- 
bonic apid is evolved from moistened seeds wlien oxygen 
i$,not»present, as when they are placed in nitrogen gas, — 
a fact ascertained by his own experiments, and since by 
there of Huber t,— supposed, that the formation of this 


* Inquiry, 9# 

I McmoiTeB,,&c. fu 170. 175. He farther asceitained, that 
whe:^ stvds are placed in hydrogen gas, a portion of carburet- 
' ted hydrogen is formed# 
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acid is owing to the decomposition of the water, the oxy- 
gen of which combines with carbon from the that 
thereibre, in germination, the same changes will happen 
and the quantity of oxygen which disappears 
pary iJbsorbcd, and enters, with perhaps a proportion of 
from the water, into the composition of the 
saccharin)^ matter dfetmed in this process. This reasorfing, 
however, is not very conclusive ; for, admitting that wai- 
ter is decomposed by humid seeds, when oxy^n is ex- 
cluded, it does not follow, that this will happen when 
oxygen is present, and exerting its chemical affinities. 

. That in germination tlie matter of the seed not only 

sitflefs an abstraction of carbon, but receives an accession 

0 

of oxygen, may, however, be inferred with some proba- 
bility from the chemical composition of sugar, the sub- 
stance w^hich is formed during this process. It contains 
a large proportion of oxygen, not less, according to La- 
voisicr^s estimate, than ( 54 * in 100 parts ; and large 
proportion can scarcely be supposed to arise merely from 
the increase in the relative quantity of this principle, from 
the abstraction of part of the carbon of the fecula of the 
seed. 

The question, whether, besides the abstraction of car- 
bon which takes place in germination, there is an addition 
of oxygen to the matter of the seed, might be determin- 
ed, by ascertaining whether seeds which have germin- 
ated lose weight, and whether this loss is exactly equal 
to the quantity of carbon which has been abstracted, 
estimating this from the quantity of carbonic acid pro- 
duced.* The deterinination of this, however, is dif&cult ; 
for, during germination, seeds always exhale pairt of tb| 

E 
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water with which they have been moistened ; and it io 
dffEiCttIt estimate the loss of weight they sustiiiu from 
ifcs cause, and which must modify what they vcisy lose 
from the other chemical changes connectfif^Vvith 
the process. ** Saussure states, that a seed, brought 
germination to the same state of dryness as before vtKjat 
pvooess, not only always weighed less, but the diminution 

li' _ 

of weight was even greater than could be accounted for 
by the carbti;n abstracted during the germination, and iIk" 
small quadtity of mucilage that might be disaoivcd by th - 
water in which the seeds had been macerated. Thus, he 
placed a number of peas, weighing 200 grains, over, 
mercury, with five times tlieir weight of distilled water, 
in a jar filled with atmospheric air. They germinated \ 
and, at the end of two days, 4*1 cubic inches of carbonic 
acid were formed, containing, according to Lavoisier’:, 
estimate of the composition of carbonic acid, 0.8,) grains of 
carbon % water in which they had germinated had dis- 
solved a little- extractive or mucilaginous niaticr, which 
by evaporation was found to amount to 0.75 grains. Th» 
^eds, in drying, still continued to form carbonic .icid, in 
- tpiantlty rsrther less, as appeared to Saussure, than what 
’ was; formed at the same temperature, and during the same 
• ' tutiCy in gemination. Assuming it, however, to be the 
s^me, the-seeds having required two days to dry, it fol- 
lowed, that in that time they must have formed other ■! i 
enbic inches of caihonic acid, or lost 0.85 grains of carbon. 
The total los?^ therefore, by abstraction ot catbon and 
i^uciiage from the«eed, amounted to 2 AS grains *, and 
^en Woiight, after the germination, to their original 
^^:oi ^ne|», they ought just to have been this much 
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In weighty or have weighed 197.5 grains^ hafd the 
change they suffered consisted merely in the M^straction 
of qjrbon ; while, Iiad they received oxygen from the wa^ 
ter loss must have been less, or there might have even 
. bei/r^ on the whole, an increase of weight. Saussure 
f, \^hd, however, that they weighed only 189t grains, or 
1 1 grail ^ less than they did ih tlieir original state Now^ * 
this result renders the w'hole experiment doubtful ; for 
since the loss of weight amounts to 8.5 grain# more than 
wli.ir can be accounted fur by the quantity cf matter as- 
ctTtained to have been abstracted, it proves, either that 
the expcrinjcnt lud been inaccurate, or that a quantity of 
water had been dissipated, and that the seeds had not re- 
tained the same quantity after gcnv.i nation which they 
liad contaliu'd before. Saussure supposes, that, during 
the drying, part of the oxygen and hydrogen of the seed 
had combined to form water, which had exhaled. Whe- 
ther tills be admitted or not, tlie result is suirh, that no 
cvrtalii toiiciuMon can be drawn from it. 

The experiment, to determine, whether seeds lose 
weight by germination, had Wen before made by Mr 
(hmgh, in a mannci less liable to fallacy* He placed 
7 draciims 28 grains of steeped peas in a phial, the 
mouth of which was covered with a piece of clean glass, 
intcndeil to ctmdonse the vapour tliat might arise from 
t!u‘jn, while the free access of air was not prevented : at 
the end of one hundred and twenty hours, the peas were 
found to W vegetating freely ; and on weighing the 
w hole, and making the necessary diidoctions for the bot- 

* Rcclierches, p. l(>, , 

E2 
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tli and glassj they were exactly their original weight 

« i 

It can ScAteely be imagined, that, in this mode of making 
experiment, the carbonic acid into which tlie 
of the air would be converted by germination, woV* v 
main in the phial ; it must ha\e been gradually leny'i^’d, 
and its place supplied by atmosplitric air ; and hcnc^A“ 
experiment appears to establish, as Mr Gongh that 

the germination of seeds is attended with litHe, if viv, 
diminution of weight. It might e^tu warraiu t]i«‘ 
elusion, that there is an actual incit tc of wTighi 
this imperfect method of clo^^ing th^ phnl, a p ntjon ol 
the watery vapour exhaled by the germinating seed nnr»t 
have^ escaped. 

Mr Cough obscrvfd, that when, in the course of the 
experiment, he withdrew the air frequently f»« o} the 
phial, by inspiring it through a syphon, tin lo u 19 a cot<- 
aiderable diminution of weight, not let.', than 7 dra^lnn' 
5 grains, when 1 nunre 3 draihins of stooped hirloy wnr 
Operated on; owing, pjobably, as he romnk , t'j *’iC 
watery vapour arising from the germinating ^ ‘otb h.n j ^ 
been withdrawn. 

The subject requires farther imeUigation; but ibiie 
appears, so far as the fact is yet ascertained, some reason 
to believe, that, in germination, besides the abstraction of 
carbon by the action of the oxygen of the air, there is a 
decomposition SS a portion of the water, and an .idilition, 
from this decompositiem, of oxygen and hydrogen to tlie 
matter of the seed. 


♦ Manchester Memoirs, vol* iv. p. 316. 
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To.fiivour the chemical changes which constitute this 
process, certain circumstances are necessary. due de- 
gic(\ of humidity is essential, seeds which are dry not 
gcrairuiting. It probably operates, by favouring the cem- 
. d(-i'iify*tion cf the oxygen, and its approximation to the 
r;. fter of the seed. Though the dry seed may be per- 
vious to< lii.y olnstic fluid, the elasticity of the oxygen in 
Its aCii J will counteract the affinity it would exert 
to tiio c.irboii : but virhea the seed is moistened, the wa* 
t^T e':« ju’u.ilng (he dry substance, and condensing a n\i- 
nutv? proporthui of the oxygt-n, will approximate it to the 
rnatror <.f tlic* seed, and thus favour its combination with 
:he priricipie to which ir exrrti, tliC mo;Jt powerful afiRni- 
rv i while ihf* carbonic acid formed uoni this combination 
'..ill .MnnT‘ ili-,' elastic form. We accordingly find, that 
'*1 Mery ca'ic, tiie action of oxygen on vegetable matter is 
t.ivourcii by that matier being in a humid state. Some 
^ijj'mihts iiave considered the evolution of the carbon as 
ii.c‘ fir .t action ih^t take^ pi icc in gernanation, and that 
.i; Lombin.uion with the oxygen gas is posterior to this 
i volutloi), and is the refore, strictly essential to germ- 
ination, but rarlicr a •. o!A.-,ef]uence of it. For this opinion 
i conio^‘5 i perceive no grounds : the action of the oxy- 
gen appears lo be »hc clhcient cause of the abstraction of 
tlie cuibon ; tlic cliemical afiinity between them causing 
thcii' combination, leaving the other elements in that pro* 
povti^ju and condition wliicli produce saccharine matter, 
while the cirt'umstancesi which favour these combinations, 
particularly In al and moisture, equBilly favour the evolu- 
rion»of the germ, 

K ? 



*70 


CHEMICAL PHYSIOLOGY 


A certain temperature is essential to germination. It 
it hk bclcr^the freezing point of water, no seeds vegetate ; 
aiad the greater number require a temperature con^der- 
kbly higher. This is conspicuous in tlie germina'ln of 
seeds commencing and proceeding with rapidity, when 
the genial temperature of the spring succeeds the 
cold J and likewise in the seeds of many pliints^not ger- 
minating in cold^ as they do in warm climates. The heat 
probably both excites th^ vital powers of the germ, and 
favours the chemical changes of the seed. 

Light, too, has an important influence in germination, 
notjj towever, in forwarding, but rather in retarding it. 
It his been long known, that in tlie process of malting, 
which is nothing more than germination conducted with 
a particular view, the admission of light is hurtful *, and 
hence it is always conducted in darkened apartments : and 
it has been repeatedly ascertained, by direct experiment, 
that geritdnation is impeded by light. Ingcnhousz re- 
marked, that the seeds exposed to the solar light either 
do not germinate^ hut die, ^r, if they germinate, tlie 
plltits are extremely weak;^. ' It has been imagined, that 
the light operates merely from the temperature It excites 
dissipating the moisture \ but any effect of this kind, ex- 
cept from the direct action of the solar rays, must bo tri- 
vial. As light, by its chemical agency, is always an 
antagonist to tlie combination of oxygen, and as this com- 
bitiarion, at least with the carbon of the seed, is necessary 

‘Tournal de Physique, tqm. xxviii. p. 90. 

* ; \ Experiences sur lea Vegetaux, tom. ii. p. 23, < 
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u) germination^ it is probably to this operation tliat the 
iluence it has on the process is to be ascribed^f 

tlw? chemical changes which occur in germinatipn, 
tlu "*ircula of the seed is converted into saccharine matter; 

• >ist? becomes quite sweet ; and it affords a portion of 

on maceration in water. This saccharine matter 
appears to serve as nourishment to the infant plant*; for, 
being soluble in water^ which the fccula is not^ it is capa- 
ble, in tills state of solution^ of £eing absoi{>e4 bythe ves- 
sels of the radicle, which begin now to expand, and which 
ramify through the substance of the seed ; and thus, in 
the first stage of its growth, tlie plant has a supply of 
nutritious mutter, independent of any external sour^. 
Mr Gough, who stated tliis view of the operation of 
germination in contributing to the growth of the plant, 
observes, that it is confirmed by some experiments made 

• by Malphigi, in which, when the germs of seeds were 

abstracted from the seed lobes, and planted fii the earth, 
very few of them grew, and those that did, grew very im- 
perfectly. This experiment was also gerformed by Bonnet. 
The seed liaving been previously softened, by being kept 
humid for a few days, he cut the two bundles of fibres 
which connect the germ with the seed-lobes : he Jjlanted 
the germ in a quantity of garden earth, which was fre- 
quently, supplied with water: they emitted the radicle, 
and even at length their leaves ; but the^phnts were so 
diminutive, that they could scarcely have |ieen recognis- 
ed, and they soon dle^ . 



• * Bonnet sur TUsage des FeuiBes, p* 239. 
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From the nature of the changes which thus proceed m 
germinates and which arc abuolutcly ind spciuahle, 
pfejiminary t vegetation, we can asr»T^n the theojy of 
those operationb on the boil which consntute somcM' ilie 
principal ptacfices of agriculture. When the is 

ploughed, i.s cohesion is broken , a is divided into IdpK^ 
particles \ and hence, when the seed is sown, it p placed 
in the most favourable situation for vegetation : it i> sup- 
plied with moisture, without being immersed m w.»ter : 
its temperature is in some measure kept iinthim: the 
operation of light is at lea^t partially ev^cludcd \ and, from 
the looseness of the earth that covers it, the atmospheric 
air finds ready access to it, and thus promote^ the gcimin- 
ation'and commencing vegetation. When the fibres of 
the root expand, they meet with little resistance, lud are 
equally supplied with water and air. 

When gcfpnnation ha<5 been accompli'^hed, and a source 
of nutritious matter supplied, capabJc of being absoibed 
by the embryo plant, its structure bigms to he ch v doped, 
and its Ijiving functipns to commence. The radicle Ciot 
extends, penctratef the soU, and increases in Icngdi \ not, 
however, by the mere extension of its fibres and vessels, 
but by new parts added to iu apex, the nutritious fluid 
from the cotyledons being conviyed to the radicle, and 
forming these In a short time, part of the germ 
named the plJbiula likewise extends, and ribcs from the 
to form the stem } and these directions of thebc 
paMs take place in whatever position the set-d has been 
^placed. The different.parts arc* now successively unfold- 
edi uncording to the nature and structure of (lie plant. 
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fts nourishment) after this first stnge oC^ts growth) is 
to be derived from without. This nutritiouij^atter is 
reccyj^ed principaily from the soil and from the surroutidr* 
ing ail ; and the first object of inquiry in the 

i f file theory of vegetation, is the relafion fuh^ting 
b. weon these and the growing plant. 

By hi the greater dumber of vegetahhis arise from the 
earth, und receive from it a large share of their nourish* 
n\€ut. It was at one time very .generally i(ii;i^inedi that 
ilie soil itself afforded them the principal ndurishthent : 
it contained, according to the received opinion, certain 
salts, oils, and earths : these, it w'as supposed, were ab* 
sorbed, and formed the principal part of the TegetaUe 
matter* 

There were always, however, some objections to this 
theory, and some facts known, particularly those teiatn^ 
to the influence of w^ater in promoting vegejtation, which 
led to a different vi^w* And when chemistry had advan* 
ced so far as to accomplish the vegetable analysis with 
some degree of accuracy,, it was discc^rod, that the solid 
substance of plants, as w'cll as their various products, 
composed in general of principles very different from 
those contained in tlw? soil, 

j 

It was sufficiently known, that many vegetables flourish 
and increase in bulk when supplied with nrater alone; 
and it had likewise been often ascertained, that if a plant 
be made to grow in a known quantity of earth, the e^Ii 
after a certain period, during Xivdiich the plant may have 
increased greatly in bulk, is found to have dost little of its 
wcig<it. Tlie celebrated experiment by Van Hclmont, 
appears sufficirntly to establish Uiis fajt. He planted a 
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#viHow weighing 5 libs, in an earthen vessel filled.with 
dne4 eaaft, which had been carefully weighed. The pot 
was sunk in the earth, covered with a plate of leack and 
^ tai&iwateT was occasionally conveyed to it through a tube 
of lead^ whicii passed through the cover. At the etid of 
five yearSj on removing the treOf it weighed 169 libi:., 
white the earth ki which it had bj^cn planted, on being 
dried and weighed, was found to have lost only 2 ounces 
of its origuui.l weight. *A similar experiment was made 
by Mr Joyle. The seed of a gourd was put into earth in 
a pot, and supplied with water ; the plant which grew 
from it, in the course of a few months, weighed 2J. libs., 
yet the earth had not lost sensibly in weight*. These 
experiments have been repeated and diversified by modern 
chemists. Duhamel caused plants to grow, by supply- 
ing them merely with water^ and they flourished suffi- 
ciently wellf. Tillet found, that wheat and other grains 
grew in river sand, in pouncled quartz, or in mixtures of 
silex, argil, and lime: they produced seeds, which sown 
.again produced plants, and this for three successive 
ylrs Bonnet found, that plants supported on moss, 
cotton, or paper, grew when supplied with pure water, and 
produced flowers and fruit equal to what they produced 
when growing in the soil. Mr Hoffman inclosed sprigs 
of the Mentha crispa in phials filled with distilled water, 
securing the mouths of the phials by a cement of wax. 
The sprigs in this situation continued to grow, new roots 

* Jhiyle^s Works, ^ol. i. p. 404, 495 , 

' f M(?nioires de I'Acad. des Sciences, 1716. '* 

1772 , 0 .- 229 / 
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and branches were formed, until the whole of the watef , 
had passed through the plants; and on weigh|fig them 
they^were found to have gained considerably in weight 
Boyle irad before made this experiment, and had 
.that* 111 less than a month a sprig of mint growing in dis- 
tilled rain-water, increased to nearly four times its origu 
nal weight f. . , • » 

It has also been justly observed, that parasitic plants, 
and those which are attached to stones and rocks, can 
derive none of their nourishment but from water and air, 

ft 

These facts appear to authorise the conclusion, that air 
' and water furnish the principal part of the food of ve- 
getables, and that many can live and grow on these 
alone. 

Previous to the discovery of tlie composition of water. 
It was didicult to conceive how it could be converted 
into the solid matter of plants. Much of that matter in- 
deed, as well as of the various vegetable products, con- 
sists of water; but it contains also other elements with 
which this water is combined|»and which must eVen bear 

' V- 

a certain pvoponion to it. The discovery of the compb- 
bitioii of water and of carbonic acid, in a great measure 
solved these difficulties, and shewed hoW water and «ir 
might supply the elements of vegetable matter. 

These elements are principally oxygen, hydrogen, and 
carbon. Water, if decomposed by the powers of the 
plant, will furnish the two former ; and as the atmosphere 
alw^ays contains a portion of carbonic acid, this, absorbed 


* Von Uslar on Plants, p. 100» 
I Boylo'ij Works, i. p. 62J. 
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byAfi leavesior even by the medlutp of water by the roots, 
iiaay the carbon with which these are combined. 

* That water is decomposed in the process of veget^ tion, 
'«pi]^TS to follow from their being no other souree whence 
the hydi^jagen of plants supplied only with air and w^ater. 
can be derived. It appears also to follow from the fact 
already stated, ts established by the experiments of Ingen- 
housz and others, that when the leaves of vegetables arc 
exposed to light, in cohtact with pure water only, they 
afford oxygen gas, — a proof that their vessels are able, 
when assisted by the action of light, to decompose a 
portion of the water which they absorb. It has appear- 
ed indeed, from the researches of Sennebier and Wood- 
hoQse, that the production of oxygen in tliis experiment, 
is considerably dependent on the quantity of carbonic aci i 
contained in the water, or that at least by increasing the 
quantity of this acid a larger quantity of oxygen is evol- 
ved. It cannot, however, depend solely on this ; on the 
contrary, the water itself undoubtedly suffers decomposi- 
tion, and is the solirce, ip part at least, of the oxygen. 

Is evident from the fact, that the portion of car- 
bonic acid in common water is so inconsiderable as not 
to be 'appreciable $ yet leaves exposed, immersed in such 
water, to solar light, afford oxygen. Ingenhousz found 
also, that though in boiled or distilled water the quan- 
tity emitted was less than in spring water, yet still a certain 
portion was evolved ; and the apparent difference in the 
proportion was in part owing to the boiled w^ater absorb- 
ing a portion of the air emitted*. This air was also purer 


♦ Philosoplqcal Transaction?;, vol. Ixxii. p* 426. 
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Oxygen than the ait fro n spring water, and this has been 
also very clearly established* by an experiment^4jaade by 
Mr pavy. He filled a glass cylinder o' the capacity rf 
ten cubic inches, with mercury* Two small vine 
.wxrtr introduced through the mercury, so adT to detach all 
atmospheric air from them. The mercurial appaj^tus was 
inserted in a vessel of cold mter, Aqu^us vapour, was 
passed from a vessel containing water whidi had been long 
in ebullition, through a tube into the cylinder, where it 
WMS condensed by the cold mercury, and thus the cylin- 
der \vas filled with water which held no air in solution* 
It was then exposed to light. In a very short time air 
globules began to form on the leaves, and in about six 
hours two cubic inches and a half were collected, v^bich 
proved to be nearly pure oxygen 

In this experiment, it is evident, that the oxygen could 
have been derived only from the decomposition of the 
water ; and the argument already stated, that, from no 
other souic e than from the decomposition of w^ater, cart 
the origin of the hydrogen contained in plants which grow 
when supplied wnth water and air alone, be derived, 
a sufficient proof, especially when corrobotated by such 
experiments, that this dcconiposition is effected in the 
process of vegetation. The quantity of oxygen emitted, 
too, is greater than could be produced if the water were 
not in part decomposed. At the same time, it may be 
admitted, what is very justly observed by Saussure, that 
thi^ decomposition will not take place to a great extent, 
Unless the plant is at the same tipre supplied with car 


• Beddoes\ Medical Contributions, p. 
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bonic aiciJ» The quantities of oxygen aiul hydro- 
g«a can probably not increase in plants b<'yond cer*^ 
lain limits, without the proportion of carbon increas- 
ing in the same ratio ; and hence in pure water the de- 
composition, <50 as to give rise to the fixation of tliese 
elements, must lake place to a limited extent, and must 
soon cease. But when carbonic acid is applied at the 
same time in the necessary proportion, the decomposi- 
tion of the water will proceed ; and accordingly he 
found, that when plants were supplied with \vat‘T 
alone, without carbonic acid being prest nt in the aii in 
which they were kept, they acquired weight, but lost near- 
ly the whole of it again by exsiccation, — a proof tint iti 
this case a portion of water had been merely imbibed and 
incorporated with their substance, without its elements be- 
ing fixed to any considerable extent, in the composi- 
tion of the vegetable matter ; but when both water and 
carbonic acid were supplied, they increased their dry ve- 
getable matter in a quantity greater than what could arise 
from the elements of the acid alone. lie concludes, tliat 
wj^n vegetables thus fix the elements of water in their 
composition, they retain both the hydrogen vtiul oxyge n ; 
and that the oxygen exhaled by their leaves under expo- 
sure to light, arises from the decomposition of carbonic 
acid^. 

That plants decompose carbonic acid, is established by 
a proof similar to that which establishes the decomposi- 
tion of water in vegetation,— that there is no*otlier source 
whence the carbon of plants growing in water and air can 
b#» derived. It is also established by naore direct proof. 



, * Aecherches, p. C<c, 
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It has appeared from the experiments of Sennebier, Saus« 
sure and othcrSj that in an atmosphere composed par% 
of c arbonic acid, the leaves of plants absorb and deconi- 
pose a portion of it : and as carbonic acid is' always 
ser>t in tlie atmosphere, it is probable that from this silcNIrce 
vegetables derive at least part of their carbon. Saussure 
accordingly found, that plants growing inj>ure wate^, and 
in atniosplicric air not deprived of the small portion of 
carbonic acid which it naturally contains, increase their 
quantity of carbon, as has been already stated (page ‘tG.) 
A portion of carbonic acid is also probably absorbed by 
their roots in solution in water. Sennebier found like- 
wise, as has been stated, that when growing vegetables 
were supplied with water impregnated with carbonic* acid, 
they afforded more oxygen under exposure to light, than 
when supplied to an ecjual extent with pure water,— facts 
confirmed by the experiments of Ingenhousz and Wood- 
house, alroatly referred to, (page S6.) ; and according to 
Saussure, although water impregnated w^ith carbonic acid 
is rather unfavourable to vegetation in its iearlier stages, 
it afterwards favours it, so that plants supplied with 'Wa- 
ter thus impregnated, weigh more after a given period, 
than those supplied w'lih pure water *. It is probable, 
that plants are naturally furnished with a large proportion 
of caibunic acid in this manner. It is in a constant state 
of production at the surface of the earth : being absorbed 
by water, it must be conveyed in a certain quantity to the* 
roots of pi Jnts, by which it will be absorbed. 


* Rcchcrchcs, p. 27. 
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itifiuetUX of the other constituent principles oi the 
air in promoting natural vegetation, is lees 
dbily edtablitohed. I'hat of the nitrogen of the atmos-* 
appears to be entirely negative 5 and a$ oxygen ap- 
pear! to ^ einitted by plants when their vegetation' is 
probably feost vigorous^ that is, under the action of light, 
St might be concluded that it not be absoibed. Ex- 
periments have stated, however, which prove, that 
plants grow much more*.vigorously when siip]’licd with 
water impregnated with oxygf'ii, than win u < I'lnnion w a- 
ter was used ^ ; and the fertilizing influcn< c of dew Ins 
betn^ ascribed to the saturation of the water with the oxy- 
"|eoof the air through wdiich it has slowly descended. 

SiAissure found, that when the roou of plants were 
<zpaMd to carbonic acid gas, to nitrogen, or hydn*gen 
gal^ they died in thirteen or fourteen days, while, wlicn 
to atxnospheric air, they continued to flourish. 
He fbnnd also, that' they consume the oxygen of the air 
in a quantity equal to their own volume, and fonn car- 
bonic acid. When the roots of the vege t \hh were not 
^ dalifched, but remained in connection with llie stem and 
brandies which were placed without the jar in which the 
roots WOtO confined with atmospheric air, they absorbed 
tnanp times their volume of oxygen gas, which appeared 
to be conveyed through the plant, and delivered by the 
leaves to the external air. Saussurc concludes, that tho 
contact of oxygen with the roots, is useful to vegetation. 
Hence many plants require a loose soil, and a*rc more vi- 

l y I I ■■.,,,1 

• fijtperitnepta by Sir Francii Ford, PUiloiopbioal Miga- 
siaej i. p. 109. 'J2i. . 
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gorous when their roots 5re not covered with too much 
earth The principal advantage derived from oxygen 
thu' jpplieii, is perhaps from the stimulus it commuhi- 
catcb CO the vessels of the plant. 

. From the preceding facts it appears, that air and wa- 
ter may furnish, and probably do furnish the largest por- 
tion of the food of plants. • • 

In thcii ih eomposition, however, in the vessels of ve- 
getables, 'another agent is coiicern«'cl, an^appears indispen- 
sable. '‘i’lub is Light. When it is excluded, plants be-^ 
come p..lo at;d feeble, and their usual products are no 
longer formed. It is not by the heat which light excites 
that it Is favourable to vegetation, for the same effects 
are not obtained wdien heat is applied w ithout the admis- 
SiOji of light. It may operate partly by acting as a sti- 
mulant in relation to the irrit'ability of the vegetable, and 
thus exciting its vesseL to increased action; but this can- 
not be its sole operation, as the substitution of other 
powerful atimuhuUs ought, for a lime at least, and to a 
certain extent, to be productive of the same phenomena, 
which is not the case. It must therefore in part operate 
as a cheniical power. Of the precise nature of its opera- 
tion we must remain uncertain, while the question is un- 
decided, whether liglu is a component part of inflammable 
bodies or oi oxygen. If the latter supposition be made, 
‘it may be concluded, that while the vegetable matter exist- 
ing in the sap exerts attractions to the carbon of the car- 
bonic acid, an'd the hydrogen of the water, the light ex- 
erts affinities to the oxygen of both,«and by these united 

* Rechcrcbes, p. lOL 109. 111. 
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iorces their decomposition is effected. Or if li^du be sup- 
j^ed to be a component part^ not of oxygen gas, bui of 
Unfiammable substances, it must be concluded, that while 
ihe Vegetable matter attracts on the one hand the cirboii 
and hydffpgeh ot the carbonic acid and water, but wnh a 
force insufficient to decompose them, the light at the 
«;un? time exeuts attractions to these eh^ments, and thcoe 
concurrent affinities may be sufficiently pow^crful to effect 
the decomposition. The action of light is extued piinci- 
pally on the sap circulating in the leave s of plant ; and 
when vegetables which have been blanched by sc* lu/ifn 
from light arc again exposed to it, tlie green colour ap- 
pears first towards the margin of the leaf. It is in the 
leaf, therefore, that the principal chemical changes from 
which the formation of vegetable matter arises i ike ]>hce 
It is well adapted, by its position, to admit of the agency 
of light ; and its structure is probably sufficiently porout> 
to admit of the passage of those aerial fluid**, which it 
cither absorbs from the atmosphere, or evolve^ as the re- 
sult of die decompositions which happen in the fluid c *i 
CUlatlhg tlirough its minute 

Wt are thus presented with the most simple mcw of 
the theory of vegetation. The* vegetable by its own pow- 
ers, assisted by the agency of light, d<‘Composc ^ a part oi 
the water and carbonic acid which it receives. I'he cai- 
bon and hydrogen of these, with part of the oxygen, are 
expended in the formation of the veget»rblc products, 
whiL the superfluot^s oxygen is discharged by the leaves- 
A small portion of the nitrogen is likewise perhaps ab- 
sjorbijd ^ and feithei from combinations of these elemental 
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or from the water aheorbed by the roots« may W tkrive^ 
tlie trivial quantities of saline and earthy substancel 
arc found In vegetable matter. 

This view rests altogether on the adndssi^, thUt ia ve- 
,getjtiun water and carbonic acid ate decdmposefd| but 
even with this admission it has been doubted if it is jnst. 
Some chemists have called' ki questwdi^thc CftUchufioth'^ 
that veget ibhs grow when supplied wdth air and water 
alone : they have endeavoured ta*pTOve« tibsl: though thtflU 
m ly be an enlargement of stze or developement of parts* 
tin! is not perfect, and there is no increase of vegetable 
matter $ and they have also endeavoured to shew, that 
the experiments from which that conclusion has been 
drawn, are liable sources of fallacy sufficient to iiivalio 
date the conclusion itself. 

Uasbcniratr, some years ago, stated these objections to 
the experiments of Van llelmont, Duhamel, and Tillet|, 
and, in confiimatlon of his objections, gave the results of 
experiments on various phots which expand when mere^ 
ly supplied with water, as hyacinths, kidney-beans, cres- 
ses, an J oihei s Tliey grew in this situation, or th<ar parts 
were unfolded •, but eten this giowlh was imperfect } the 
vegetation advanced no farther than the production of the 
flowers, without the seeds being formed, or at least with- 
out tltcir coming to tnsturity } and these phnts wlien dried 
and analysed, afforded, as he slates, rather less carbon 
than was contained in dm wed at bldb from which they 
had been reJred 


* Jknnides dc Chunic, torn, tddi {u 188. 
V9 
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£3i;|»eyime&t8 with a aimlLir result have been ma4c by 
T. San&8\ire» He endeavoured to bring into a state of 
v^etation tju* seeds of the lidney-bean, the common pea# 
Oresses* and similar plantSf by supporting them on fine 
^ sandi and supplying them with dij tilled water, They fi 
qucntly flowered^ but their seeds never came to matun- 

ty*.c 0 

^ Mr Knight has also observed^ that bulbous and tuber- 
ous rooted plants contaiA witlun them the nutter which 
selves for the devclopement of their parts ; and ih it vdien 
they grow on being supplied with wat^^r, the wnei, a 
perfectly pure* operates, not by supplying them with new 
matter, but only by dissolving and distributing through 
the expanded plant, the matter which lyd been contained 
in tim root | . 

To the experiment of Van Helmont, and others of a 
sirnilar kind, the objection has been made, that in the pe<* 
riod requisite to the growth of the plant, the water with 
which It had been supplied mu^t have conveyed to it a 
quantity of foreign, matter. Thus Bergman rcni irked, 
that even rain-waler, with which the viillow in Van llel- 
months experiment was supplied, conMins a snuJl por- 
tion of earthy matter, which by the constant supply 
would accumulate in the plant, m quantity sufficient to 
afford all the earth it contained at the termination of the 
experiment And Kii wan afterwards rem irked mother 


^ Recherche^ p. 245* 
f Phdo'iopl^lil Transactions,. 1805, p, 97» 
I OpuscniUlK^Wca, vol. v. p. 
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ource of fallacy > thit the pot containing this willow be- 
ing earthen and i>f couise porous> and being placed in the 
a quantity of water from the soil, and Conveying 
matter from it, must h ive percolated the vessel, and been 
. ab orbed by the roots of the tree *. A similar source ci 
hilacy, It has b''<.n c b.erved hy Ila^senfratz, existed in 
the e\pei iments of • • 

rht observations and experiments now stated may 
prme, thit phnts MipphcJ w4h water addne will not 
gi o\v. "I he y indeed canno% as there iS no source whence 
ths. cirbon cosentui to the formation of theit substance 
can be dc uved. 'Fhcy may even prove, that ro some plants 
the <iupply both of atr and water ib insufficient, and that 
these are mcapible of t egetating propc riy, withoitt matter 
daii <i from the soil. But th^y nc altogether insufii* 
to render this conclusion g^ner^l, or to iiivahdate 
the opposite conclusion, thxit vegetation may he support- 
ed by air and uater alone, and that mfiny plants supplied 
uiih t icse will flourish, and form their peculiar pm- 
due > 

'1 h * f 3Cts which establish this last conclusi4)n are nomer* 
ous, and on a st ilc vi Inch sc irccly admits of any fallacy ft 
Can sc ircoly be doubted n deed, when we consider the cir- 
cuin.>tinCes connected with the gifowth of a large vegeta- 
ble, as of any of oui common treM. 'pbeir roots extend 
tone gieat extent or depth in the so5i, and. that sod does 
not require to be lencwed, or to receive any Supply of 
mmuro* Niy, frequently the situation U such, that 

■Sf” 

• ^ E*s»j ort Manuits, p* 

•} ^njtwlfs de Clumii, tom. xfii^ p* 187* 
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suJjr manure nr nutnnous mitter is a£rorde4^ or 
Inf a 8upj;ioit by nhjdbi the platit is c' posed to 

air, afld oCCWionaHy supplietl with water, ns in the 
examplr «f those trees which grow the oesices of 
» fijequently on the rcry face of a precipice. Yet, 
in aU .these tihtnijons, the gtowth of the tree advances, 
he seM i|iiitte!t*kie|teaseil, and, tn many of them, muclt 
Wigettdsle mailer k amwiafiy lost in the fruit, or the fall 
of the foliage. It is obsious, that the portion of .oil laith 
which the pjent can be supposed to commnmt itc, could 
ootliiee ujliginally contained the matter from whult this 
increase is derived } and there k no external oupply b«t 
> from dte atmosphere, and from water. The atnlosphcie, so 
lijr as wie can discover, tan atford little to vegetables direct* 
ly nutritious, or capable of furnishing the elements whence 
their products are formed, except carbonic acid , and water 
applied under such circumstances, can afford, independent 
of its own eiements, only a small ponion of sahue and 
earthy substances, vriitch, from wh it wc know of the in- 
of vegetable matter, cannot ba very ewenttal to its 
funnaUon. We are reduced, therefore, in this t i^t, to 
^e conclusion, that the catbon, hydwgcn, and oxygen, 
frmn not only the basis, but almost the entire sub* 
stasjpe of the vegeilfble, must be derived from water and 
atmospheru, jui', 

The objections that bar*? been made to Van Helmont’e 
ei|perimfRt, and others of a simijiar nature, are of nO ibree 
aj^nst this K^ncio^, They invalidate only the absttrd 
jljNsii^, if it weiw 'iaaintainedi thdt water alone can be 
,«i^n|^d into ferdducts of vegetation. It may be 
ns remarked, thk a portion of saline 
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ill lUer n*lglit be t o^iveyed by tbe water to tKo plant ; and 
nu) be the on^iu of the saline matter which n would 
cont*»»n ; or, Rli Kirwan has obserred, the water mislit 
filtrate fiom the soil thr 'jugh the vessel^ and thus convey 
« s<}ine earthy substance^, and even some nutritious matter^ 
to the plant. th a must have b<*cn in lithilcd quan- 
tity in the sod itscU ; and the communication could not 
line Ucn so eaten dve, as to have afForded from thU 
*» urce all tl e principh^s which -formed the substance of 
the pb n* , uid urhich increased it from five to one hun^d 
asni sivij-nlne pounds m weight. 

Labtiy, the experiments of baus&ure already referred to 
(page ai e conclu8i\ e» in oppobitson to those of Hassen* 

fntz, in provings that plants acquiio an uugmetttatibn of 
\ ogt* ’blc nutter, w hen supplied wuh air and watar alone. 
it the atmospheric air, indeed, were c^Uuded, or rather, 
jf the btnail portion of caibonic acid which it naturally 
contain* were it roved, by washing with lime-water, the 
vegetables, as a’rcaOy stated, riercfy expanded, without 
an) r il addition of vt'g»'table maitei but, wlien supplied 
*Mth watei, nid with atmospheiic aix In its natural state, 
and iuliv r.p{istd to hgln, the propouion of vegetable 
luutor ihcrwa*ed with i1 ir enlargement of bulk. The 
opp results obtained by Hassenfrat^ were probably 
owing to th< plant* not having been sufTidently exposed 
to tight i for, in thi> case, Saussure found, that the pro-* 
portion qf earbou is e>cn rather diminished than iiv* 
cwjased. 

*rhe two series of facts on thi§ subjfijct which appear 
n^pposcd to each other, -r-the one ptovi(|^g, that m^ny 
tabJ'‘ will glow' when supplied with tpr and alont, 
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~thc ether equally proving, that, in such a situation, the 
'growth is imp''rfcct, and is little more than an expansion 
oY their solid matter, mdy perhaps be reconciled, by con- 
sidering vegetation under the following point of view. 

In plants which expand rapidly, as in those which w'ere 
the subjects of the experiments of Hassenfratz, or of thr 
observations of £uight, the contact of a lich soil may be 
necessary to bring them to porftetion. The developc- 
metit of their pairta m<^y %o far exceed the slow supply ol 
nutritious matter from the decomposition of u iter and 
carbomc aci^l, that they will decay before their vi ^^^et anon 
has been completed. But this only proves, that, fiom the 
peculiar nature of these plants, the expansion of iheit 
paTt8*ha8 been mpre rapid than the supply of nutritious 
matter, under such circumsunces, can support , while, ir 
others, the growth of which is more slow and graduil, ii 
does not follow but that a sufBcicnt supply of noniish- 
ment may be derived from water and atmospheric air. 

In vegetables of this last description, under which are 
probaMy to be classed all the larger plants, a due piopor- 
tlon in the supply of water and of carbonic acid will no 
doubt be required. Water air ne can furnisli only oxygen 
and hydrogen, and, if it exceed much the piopouic.n ol 
carbonic icid, it probably will not be decrmposeil j forj 
without a due proportion of carbon, as Saussuro has le- 
marked, oxygen and hydrogen cannot be accumulated i« 
the plant l and, for the same reason, an excess pf carbonic 
may not be of imy utility, as carbon mu^ equally ht 
hfkiapablc of being assimilated without the ncccs{»ary pro- 
portions of the other two elements* In those plants which 
i, j^row sJbwJy, the growth will probably adapt ittoif, in 
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establishing those proportions, to the quantities cf each 
which arc afForcletl to it ; and, from the general f*:cts con-^ 
nected with their giowtli, there can be little doubt, that 
the decomposition of tluse substances afford the e]cmciU"> 
.whence their pioducts are formed. 

It is equally true, htjwever, that, in many vegctablo'i, 
ihcsc arc insuffiCKut, and a direct supply of more nutri- 
tious maUei is indispensable to their proper growth. This 
I > proved by the most familiar in agriculture. Many 
> egeublos will flouri .h only in ceUain sails. Those which 
lequiro a rich soil vegetate feebly in a poorer, and they 
always exhaust lh ii in which they grow, so that it requires 
10 l>e renewed by certTin additions. 

Ill conformity to the vv'W of vegetation which I liate 
given, it follows, that those plants which gtow rapid- 
ly must be tJiose that u ill tlius requite the most nuhitious 
soil i and that *^uch as grow more sUwl}*', those will 
most require it wh’ch givi» the largest produce of seeds or 
fiuit, compared with the plant when these begin to be 
forne d. Hence, thiKse plants which are cuh.vat^d for the 
tiounshmenr of animals, are of all olheia those which re- 
quire the most nutritious soil j and the proportion of their 
products is at least within some limits proportioned to it. 
it IS interesting, and intimately connected with the theory 
of vegetation, to trace the influence of the substances from 
which these results « re obtained. 

The matter wJuch is thus required by many vegetables 
to enable them to grow and foim their various pro<lucts, 
mu*tt be such as contains the elemejnts of these products, 
and,* at the same lime, such as they can absorb and asai* 
^inilatc. Hence the greit suporiurity of decaying vegetable 



riltMKAl. I'ln^-iOLOf ? 


<j0 

and animal mattct* This con fiutts wl it il, pruporly 
rpeafciiig, the jrichness of d soil. 'J ht rrust of cartli 
v/hich forms the soil Consists prmcipnUy oi sileat» argil 
Kme, and magnesU. According as one or other of these 
predominates, the soil may be loc bc, or adhesive j may b». 
calculated to retain water, or to allow it free passage ; 
or may have various other qualities inflaencing the giowth 
of plants, and, from such qualities, may be adapted to tlu 
support of certain vegetables. But in sustahnng tho 
plants which eve cultivated for the nouiiJinient of ani- 
mals, something more is required ; it mu^t contain 
decomposing vegetable and animal matter; itb fertility 
ceases when this has been abstracted, and can only be re* 
xicwed by a fresh quantity being introduced. 

This, therefore, forma die first and most important of 
tl\e manures. Its nature must vary somewhat, according 
to the intermixture of animal an i vegetable matter ; but 
it must always contain, in large qitantitv, the elements of 
which vegetable matter is formed, and indeed must con- 
sist almost entirely of these. The black mould into which 
vegetable matter passes by slow ci( compositm, and whic Ii 
always exists more or less iti the soil, consi/t > punLipdi) 
frf the carbon which as the basis of that matter, uith por- 
tions of the other elements. Saus’-ure, In analyzing it by 
neat, found it to contain moie carbon and less oty gen 
than unchanged vegetable matter. It appeared to contain 
also a larger proportion of mtrug^n. To water it yields 
portion of extractive matter, and a small quantity of 
'•caurbonic acid ; and c;*jiosed in a humid state to the atmo- 
sphere, it absorbs pxygen, and forms carbonic add*, 


^ Rechcrchest p. W: 
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as Ingenhousz, Gough, HumboJdti and otherSi had before 
observed, '‘''a'- 

The great util-ty of vegetabiei^a^l^'^Jmal substances as 
manure, undoubtedly consists affording matter 

•already assimilated, and hence more fit to serve , for the 
jH'tritTon of the vegetable. The water which is pre^nt 
dissolves the mucilaginous and extractive principles, and, 
being absorbed by the roots, must afford moim nutritious 
mutter than water that is pure! Saussur^ foundji that 
water holding in solution various salts, a$ well as differ^ 
ent vegetable substances, gum, sugar, &c. easily enters' 
the roots of plants by ab-iOrption *, and that thfe absorp- 
tion is ill some measure elective, some substances being 
more largely absorbed than others. The salts thus intro- 
duced were afterwards discovered in the plant, cm burning 
it ^ ' 

Not only is nutritious matter thus conveyed from the 
soil by the medium of water ; there is also every reason 
to believe, that the gases which are evolved in the stew 
decomposition of the vegetable and animal matter min- 
gled with it are in part absorbed. Under such circum- 
stances, carbonic acid, carbonic oxide, an^oxy-carburetted 
hydrogen gases, are formed : portions of these will be re- 
tained by the water of the soil, and may even he directly 
absorbed by the vesseld of the root. Mr Knight has ac- 
cordingly teturrked, that in his experiments on the sap of 
vegepibtes, it always appeared to contain a portion 
of ait* The g^se^ thus conveyed into tb- vegetable con- 
tain the dements from, which its ^>roducts are formed, 

* Recherche^ p, 25?. $6Qt 
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a&d in a stale, probably, in M^hich th-^y will be easily com* 
bined and assimilated. 

Yet the quantity of vegetable matter (iirectly conveye;* 
into the plant, would appea^'a ftnm Sau'isurc’s experimj>nis, 
not to be considerable. He found, tiiat rain-water, Mluch 
had stood many days on a soil containing much iranuio, 
formed an infuaion, which did not contain above one part 
of vegetable matter to a thousand of water. He found 
reason to conclude, tooJ*that a plant, in absorbing this so- 
lution, would nut assimilate above tb*' fourtli part of iKe 
vegetable matter it contained* hence, ir would not increase 
in weight above a qujrt<’r of a pound, from the accisuon 
of such matter, in absoibing one thousand pounds of such 
an infusion, which, in a small pi mt, would reqir.re a very 
long time This conclusion, how^ vet, cannot be re- 
garded as very exact ^ an 1,‘ independent of the matter di- 
rectly afforded by manures to the watet In the sod, much 
of the nourishment they afford by the plant is probably 
by the medium of the gases they evolve. 

It may perhaps be affirmed, that vegetable and animal 
substances furnish the only species of mincic dliealy 
nutritious, or capible of affording matter wLuh ihe vf'ca*- 
table can immediately assimilate. Kut there aie oihors, 
scarcely less useful, in improving the sod, in pronu/mg 
the decomposition of the vegetable or animal matter which 
it contains, or in exciting the plant to more vigorous ac- 
tion. 

Of these, the first place is unquestionably due to lime. 
Its utility is aufficlentjv known, not only in incrca'aing the 


* Recbciclics, p. 237. 
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products of vegetation, but in improving tlieiv quality; 
and various opinions have been oflfered on its mode of 
operation. In clay soils, it is obvious that it may prove' 
us^ul, by rendering the earth mofi^ fw and loose, more 
peT\*lous to air and moisture, and to the rodts of plants. 
It may likewise destroy insects, which often prey on the 
tender veget^jble ; it may decompose any inline substvpice 
wliicii IS ujjurious to vegetation ^ and it probably acts as 
a stimulus to the plant arrived' at maturity, and thus 
quickens the procct»s of vegetation. But the principal 
advantage attending the use of lime as a manure, appears 
to be derived from its power of hastening the decompo- 
sition of vegetable atid animal substances, and thus sup- 
plying to the plant in greater abundance the diSyirenC 
gases capa’oie cf contributing to its nourishment. That 
lime does exert such an operation, is evident, from its re- 
ducing even the ligneous matter of plant? in a short time 
to a black mould, when itb action is favoured by humidi- 
ty j and that it is by this operation that it proves useful 
as a manure, appears to bs'' established by the fact, that its 
utility is most conspicuous in tl^o^e soils which abound iu 
amrruil and vi-gotable matter ; and when tbb is exhausted, 
the lime is Icb^> useful, until it is renewed,, 

Some have iniagitKu, that the lime acts in this inanner, 
by directly combining with the vegetable or animal mat- 
ter, and, in particular, with the carbon of that matter, 
yenderm^ it soluble in water, and thus conveyiii|g it into, 
the :ivessds of the plant, iiut tlterc appears little 
foundation fo/ thiSrOpinion ; nor can it well be supposed, 
that so much lime as must thus be conveyed, could be re- 
"^ceived without injury Into the vegetable system. In 
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jitomoting the decomposition of t^ese substance^i, It seems 
• to act principally by a resulting .dfinity. 

' Lime, when united with carbonic acid, has an oflFec^f 
somewhat similar^ though in an infenoi* degree ; 
united with Sulphuric acid, or under the form of gypsum, 
it has been used with advantage as a manure, probably 
frotp an analogous operation. Even some saline sub'^tances 
have been found to pr«>mote vegetation, such as murute 
of soda, when added ii^ very small quantity Duli.imt I 
found) that marine plants growing in an inland situation 
languish, if not supplied with this salt. 

The nature of the soil, too, with regard to its eaithy 
and even its metallic ingredients, Ins an important influ- 
ence? on vegetation, and adapts it to different plants, 
chiefly by being more or less pervious to the roots, by af- 
fording to the vegetable a more or less firm support, and 
by admitting of tlic application of air and water in due 
proportion. The earthy matter of the soil is derived 
from the disintegration of tlic locks over which it lies, or 
from materials originating from such disintegration, -ind 
spread over the surface by the operation of water, Jt must 
consist, tliercfore, of the principles of which the caithy 
aggregates are formed, and, in diflerent s!tuatic>ns, will 
consist of these in different proportions. Of the earths, 
silcx and argil constitute the basis of every soil ; and tlie 
qualities of this soil will vary, according as either predo- 
minates. A soil in which argil is the chief constituent) 
or which consists principally of clay, is stiff, and not ea- 
sily worked : it imbibes water, so as to be thoroughly 
moistened, very slowly j but, when it has been brought 
into this state, it retains k strongly, and in drying it con- 
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tracts and hardens, so as not to admit easily of the ex- 
tension of the roots of plants, or be very permeable to 
water and air. Sik\ seldom exists in large quantity in A 
sol^ in a state of very fine divisionVibbt m fragments, form- 
ing a sandy or gravelly soil. In this^qualitiesthe reverse of 
those of a clay soil prevail; and hence the adaptation of each 
to particular plants, as well as the advantage derived from a 
due proporrion of the one to tlie other. The^ escnce of 
calcareous eanh serves, to a certain extent^ same pur- 
poses : it lessens the adhesive quality of the clayey $JoiI, 
and the porosity and looseness of that in which the siicx 
predominates ; and probably is still farther useful, in sti- 
mulating the vcs.^els of the root, in attracting carbonic 
acid, and, as has been already explained, in favouring the 
decomposition of inert vegetable matter. Magnesia t$ 
probably always present in very inferior proportion, and 
‘ its operation does not appear to be very well marked ; 
though it has been concluded, from some facts, that it is 
rather hurtful to vegetation, particularly from some kinds 
of limestone, which on analysis were found to contain 
magnesia, being prcjucIicMi w^hen used as manure. 
Oxide of iron is the principal metallic matter present in 
tlie soil ; and it has been supposed to be in some cases ad- 
\c4iitageous, by attracting oxygen from the atmosphere. 

An extensive series of experiments, on the comparative 
powers of different mixtures of earths in sustaining tlie 
vegetation of those plaiite v^ liich arc cultivated for nourislv- 
men^ iwas undertaken by Tdlet He emJijUijred large 
earthen pots, which he sunk in the earth very nearly to 

, , ^ - 

^ Memoircs c5c TAcnd. dcs Sciences, ITT'i, p. 
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the level of the surface, so that the plants growing In them 
might be as much as possible in a natural situation, and 
participate in all the vicissitudes of the season ; and, with 
fvthe same view, he abstained from supplying them 
any water, even when, from the want of rain, they sc<!jm- 
ed most to require it The experiments on each earthy 
mixture were continued for three successive years ; the 
grains produced the first year being planted for the se- 
cond, and those produced the second being in like man- 
ner planted for the third. From their general result. >, it 
appears, that there is a considerable latitude with regard 
to the earthy mixtures capable of vSupporting vegetation. 
Wheat was the grain that was the subject of experiment 
and ii was found to grow well in various mixtures of sand, 
clay, plaster, and fragments of stones, as well, indeed, as 
in earth taken from a cultivated soil. Nay, it even flourish- 
' ed apparently equally well in sand alone, in fragments of 
stone, in old plaster or mortar. An excess of argil or clay 
appeared to be prejudicial, principally by communicating 
the property of hardening after being moistened, so that wa- 
ter was not easily diffused through it, and the roots of the 
vegetable met with too great resistance. No great advan- 
tage was derived from the addition of marl, and less bene- 
fit accrued from the mixture of vegetable and animal 
manure than might have been expected, from the advan- 
tage obviously derived from it in the practice of agricul- 
ture. Tillet was disposed to coticlude, from considering 
the results- of all his experiments, that water ^as the most 

g vegetation, and that the prin- 
to preserve a certain degree of 


agent in promotin 
advantage of a soil is 
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liumidltyf vlulc, At the*6a!nc time, it allows the roots to 
tfxtcn * freely, aiul absorb it. 

Ti>o following analysis of a fertile tsoil, in a climate in 
cb much rain falU, that of Piedi(|ii&tit, is given on the , 
AuUioxity of Globcrt. One pound consisted of 
C iilv'naccou* Matter 25 grains 
\V?tct 70 

Jnlc\ from 4362 to 447 3 

\rgil _ 509 to 793 

— 283 to 679, with a portion 

r>f 'i, about 19 grains, of uhich one-third was carbonic 
.(i\ and the remainder carburetted hydrogen. In less 
tide soils, the propt*rtion of silex in the pound Troy 
M iioin 2716 grams to 4 >28, of argil from S96 to l!£45, 
MiJ cf lime from 339 to 622. And in barren soils, the 
i>ropnU4ons y^cre, of sdex from 2368 to 4963, of argil 
from 1 1 23 to 16J2, and of lime from 225 to 62(h In a 
(hur chmafo, Ikrgmaii frund a fertile soil to consist of 
oui pait of clay, tl rce of siliceous sand, two of caloa- 
eous nrth, and one of niagncdi. It appears, from the 
\ ra* an Ijsts tint have been made, that the less rain 
lalls m a lountry, the propoition of calcareous earth in 
Jio boi] mu it be increased, nnd that of sillceotis earth di* 
ininished, tJ rendci it fertile. On tills subject, some far- 
ther details are given in Mr Kirwan*s treatise*. Sotne 
facts have been also added by hir Davy, in his late me* 
moir on the analysis of soils j • The soils that W 

\ 

* r.ssiy on Manurei, p. 85, Ac. 
f NichoUon*s Jouxnd, voL xii. p« 81. 
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ptodactive of comi he remarksi contain always certain pro- 
portions of argillaceous and calcareous earth, in a finely di- 
vided state, and a pertain quantity of vegetable or animal 
i matter. The quantity of calcareous earth is, however, ^^^y 
various, and m some cases very small. A very fertiIe*corn 
soil from Ormiston in East Lothian, aflorded to Mr Davy, 
in an hundred parts, only eleven of mild calcareous earth : it 
contained tyrenty-fivc parts of siliceous sand ; the finely 
divided clay imounted to forty-five parts j it lost nine in 
decomjposed animal and vegetable matter, and four in 
water, and afforded indications of a little phosphatb of 
lime. Its fertility might be in seme measure connected 
with this last substance, as it is found in wheat, oats, and 
"‘harfey, and may be a part of the food uf the plant. 

An important result, which appears to be established 
by some of Mr Davy’s analyses, is, that a soil maybe fer- 
tile though it contain little vegetable or animal matter. 
A soil from the low lands of Somersetshire, celebrated 
for producing excellent crops of wheat and beans without 
manure^ he found to consist of one- ninth of sand, chiefly 
mliceous, and eight-ninths of calcareous marl, tinged with 
^n, and containing only about five parts in the hundred of 
v^table matter : no phosphate or sulphate of lime could 
be detected in it. And hence, as Mr Davy concludes, its 
fertility must have depended principally upon its power 
of attracting principles of vegetable nourishment from 
water the atmosphere.” 'Ihis leads to a very import- 
mt inf^ce with regard to improving soils, In sup- 
animal or v^ctable manure, a temporary food only 
!a pfovided for plants, which is in all cases exhausted by 
of a certain number of crops •, but, when a soil is 
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r^idered of the best possible constitution and texture with 
regard to Its earthy parts, its fertility may be considered 
as permanently established. It becomes capable of attract* 
tnj a very large portion of vegetable'^ nourishment from 
the atmosphere, and of producing its crops with compara- 
tively little labour and expciice.” Some alteration in its 
constitution may, no doubt, arise from tlve mere succes- ' 
sion of crops j but any deterioration from thu c^tise might 
be obviati'd, by their judicious alt;rrnatiDn, or by other me- 
thods which occasional analyses would suggest. And these 
obst!rvations nn<loubtedly lend to a field of research hither* 
to much neglected, though so highly important* 

Mr Davy has justly observed, that the results of an* 
alyscs considered as aff ording indications of fertility, ihttst 
necessarily differ In di&rent climates, and under different, 
circumstances. ** The power of soils to absorb moisture 
ought to be greater in warm and dry countries than in 
cold and moist ones, and the quantity of fine argillaceous 
earth they contain larger- Soils, likewise, that are situat- 
ed on declivities, ouglit to be more absorbent than those 
in tiie same climate in plains, or in valleys* The product- 
iveness of soils must likewise be influenced by the nature 
of the sub-soil, or the earthy and stony strata on which 
they rest, 'rims, a sandy coil may sometimes owe its 
fertility to the power of the sub-soil to retain water ; anil 
an absorbent clayey soil may occasionally be prevented 
from being barren, in a moist climate, by the inj^ience of < 
a sub<'Srratum of sand or, gravel ” C 

Besides a proper soil, the doe application of heat ^nd light 
are necessary, as has been already stacM, to the process 
of vegetation,— heat, as a stimulus to excite and sustain 

G 2 
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the actions of tlie plants,— light, partly from the samfe 
operation, and partly from its chemical powers. 

* Such are the circumstances most materially influencing 
vegetation j and the statement of them presents the jfil- 
lowlng general view of the series of chemical ch^ges 
which constitute this process. 

Regarding germination as its first stage, the seed expos- 
ed to humidity and atmospheric air expands : its farina- 
ceous matter, by the action of the oxygen of the air, is 
converted into sugar, which serves as food to the infant 
plant. Its organs are gradually unfolded, and its nourish- 
imm received from a different source : water, pure, or 
vj^lding vegetable and animal matter in solution, is ab- 
by the roots ; and, in a soil containing decompos- 
vegetable and animal matter, different aerial fluids are 
Jlsewiae repeived, and mingled with the sap.^ This, in its 
progress through the root, dissolves even part of the ve- 
getable matter *, and from this, the plant, in the first 
stages of its growth, is better enabled to form its various 
parts. It is brought to the leaves of the vegetable, and is 
there presented, under a very extensive surface, covered 
with a very thin membrane, to the action of the air and 
light ; part of Its water transpires ; carbonic acid, in mi- 
nute quantity, is perhaps absorbed ; and, by the action of 
the vessels, assisted by the chemical agency of light, new 
combinations are established, and the proper juice of the 
^lant is fbmed. This is conveyed by the footstalk of the 
f leaf, and %y vessels proceeding downwards through the 
jbetween it and the wood : it is deposited in dif- 
parts, or is^^ill fartb^ changed in its progress^— 
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changes from which the peculiar vegetable products are 
formed. 

* - • 
For the perfection of this process the soil must^ be ad* 

apted to the nature of the vegetable i it must permit its 

■ 

roots to extend, allow free access to the air, and convey 
and retain the necessary degree of humidity | its nutritive 
powers must in general be Increased, by the iiitermlKture 
of vegetable and animal matter ; the decomposition of this 
must often be accelerated, by-^he application of other 

species of manure ; and, lastly, all the actions of the ve* 

» 

gctable must be excited and sustained by the due proper* 
tion of heat and light. 

From the principles conveyed by this proceSs to the 
growing plant, may be derived all the elements of which 
its products are formed. These consist principally of car* 
bon, hjdrcgcn, and oxygen 5 and with regard to tliese, 
their origin is not at all doubtful. Any compound of ni* 
trogen which may exist in vegetables, is probably formed 
from that gas, received either from the atmosphere, or by 
absorption from the vegetable or animal matter in tbo 
soil *, and the minute quantities of sulphur and phospho- 
rus that appear to exist in some vegetables are probably 
derived from this last souice. 

There is rather more obscurity with regard to the 
earthy and metallic substances found in vegetables^, or at 
least contained in the ashes afforded by their combustion ^ 
and different opinions have been held witli 
origin. * 

The saline substances a&rded by the combustion of 
|ilani*s are chiefly the sulphates, muriates, and carbonated 
of potassa and of soda, the sulphate -and carbonate of 

G3 
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Imiei and the phosphates of lime and magnesia ; and with 
these are associated small portions of silcx, and oxides of 
iron and manganese. Of all these substances^ the alkaline 
salts are those which are most abundant. Some of them 

c •• 

are probably not essential to the vegetable, those espe- 
cially which are in minute quantity, and not always found 
in the same plfot. 

It has been considered as doubtful, whether some of 
these actually pre-exist ^in the vegetable matter, or are 
formed during the combustion by which they are obtain- 
ed. In confirmation of this last opinion, the fact has been 
stated^ that they cannot be extracted, at least in so large 
a quantity, by any other process, as they are aflbrded by 
burning. Those of them which are compounds may no 
doubt, in part at least, have this origin ; but this conclu- 
sion cannot be drawn with regard to those tljo comnosi- 
tion of which is not established. And although they can- 
not be extracted in equal quantity by the maceration of 
the vegetable matter in water^ owing, probably, to the 
state of combination in which they exist, Saussure has 
found, in his extensive researches on this subject, that 
tvhen plants are washed much with water previi;us to 
their combustion^ they afford a smaller quantity of ashes 
than w-hen burnt without being subjected to this prelimi- 
nary operation. 

' Admitting the existence of these substances in vegeta- 
*b!c the question naturally occurs, are they-form- 

cd by the process of vegetation, or are they always derive 
cd by absorption fj^i the soil ? Each of these opinions 
has been maintained. From so many vegetable^ gr6vidn|; 
when supplied wjth air and water alone, some liavc been 
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disposed to conclude, that these substances are not corh- 
veyed into the plant, but formed, in it by the chemical 
processes connected with its growtli $ while, in oppositidh 
to this conclusion, it has been urged, that,, in any expeii« 
, ment made to establish it, the water had 'not been per- 
fectly free from foreign matter, and that, from the sub- 
stances water usually holds in solution^ these products 
may have been derived. Many of them, too, there is no 
reason to regard as compounds ^ and of course as capable 
of being formed by combination ; as, for example, the dif- 
ferent earths and metals wliich have been found in plants. 
And some facts have been long known, which prove the 
connection of the saline matter in vegetables witl^the soil. 
Thus, marine plants usually contain muriate of *soda, 
which diminishes in quantity, however, and at length dis- 
appears when they are transplanted to an inland situation ; 
ano certain plants which contain nitre, as pellitory, bor- 
rage, and others, do not flourish bift in a soil contjaining 
nitrous salts. 

The extensive researches of Saussurc on the analysis of 
vegetables, the results of their incineration, and the con- 
nection of these with the soil, have thrown much 
light on this subject. 

A.Ie established, in the first place, the important fact, 
that analysis discovers all these substances in vegetable 
mould * 5 and farther, that they exist in solution in water 
which has macerated on that mould f. ^ He also found, 
that plants fibsorb small quantities of saline sjlibstances, 


* Rechercbes, p« 28CS 
t Ibid. p. 292. 
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when these are presented to their roots in solution in 
ter *, the quantity absorbed being greater v/lih regard to 
aame salts than with regard to others. Since these sub- . 
stances* therefore, are usually contained in iLe an<! 
since they are capable of passing by absorption ii:to tlic . 
vegetable system, their presence in vegetables is ratlier to 
be expected, aikJ it would even be surprising if they v/crc 
entirely wanting. 

Siiussure farther found, by comparative trials on plant > 
supplied W'ith pure water, and with water in whicli cer- 
tain salts were dissolved, that the saline matter whicli haJ. 
been absorbed remained in the plant, and might be de- 
tected m the ashes formed by its combustion f. It like* 
wise* followed, from other comparative experiments, that 
when beans were made to vegetate, by being supplied in 
one arrangement with distilled water, being -ylantjjd in 
another in gravel in glass capsules placed in the open 
fields and supplied with rain-water, and in a third, being 
planted in tlte common soil in pots, — in all these cases, 
the quantity of ashes they afiTorded on burning was differ - 
enti from 100 parts of the dried vegetable matter of iIk 
I pft, 3.9 parts of ashes were obtained *, from 100 of the. 
second, 7.3 ‘parts | and from 100 of the third, 12 parts f. 

In the last place, the proportions of the elements of the 
ashes have almost always a certain relation to the soil. 
Plants which have vegetated in a soil that has originated 
from the disintegration of a siliceous rock, furnisli, other 
circumstances being alike, ashes which contain less lime 

*^llecherchc8, p. 231. ^ 

f Ibid. p. 239- X Ibid, p, 281. 
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and more silex than those which have grown in a calca- 
reous soil. If the soil, however, contain much vegetable 
mould, this may not happen : the ashes Will then be alike, 
’riiis was established by an experiment made by Lampa- 
iiius. He prepared in a garden, five spots of four feet 
' square surface, and one foot depth ; in each he put a 
mixture of a pure earth, and of eight poAnds of aniSmal 
manure. He sowed rye-seeds in each ; and the ashes of 
the plants produced were found fo contain the same prin- 
ciples. Lampadius concluded from this, that the earths 
found in vegetables, or at least some of them, are formed 
ill vegetation ; but, as Saussure has remarked, the manure 
not having been analyzed, might contain a Sufficient 
quantity of those earthy and saline substances most con- 
genial to the plant, and which it would absorb 

All the^fc facts appear in favour of the conclusion, that 
the Saline, earthy, and metallic substances found in plants 
are derived from the soil. 

From this conclusion, Saussure explains very well a 
number of facts connected with the production of ashes 
by incineration from vegetables, which otherwise have 
not been accounted for f . ^Fbus, it has been sufficiently 
ascertained by repeated experiment, that herbaceous plants 
afibrd more saline matter than those which are larger, and 
have more wood. Now he observes, th^t according to his 
experiments, saline matter is conveyed into tlie plant only 
by absorption of water holding it in solution, and this 
]y in very minute quantity. It follows, therefore, that 
those plants which absorb and transpire most should con- 
tain the largest quantity of saline matter, as the largest 


* Recherches, p. 28S, 
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4 ]iUntity must be conveyed Into their substance* But it 
is proved, by the experiments of Hales and Bonnet, that 
herbaceous plants transpire more than those of a larger size.. 

It may be expected, that the saline matter will be prin- 
cipally deposited in those organs in which transpiratior 
is petforiped. ■ These are chiefly tlie leaves ; and accord- 
ingly, experiment has proved, that, in a given weight, the 
leaves yield more saline matter than any other part of the 
plant. The bark, Sau^sure found, contains more than 
the interior parts, and obviously from a similar cause. 

When the parts of a vegetable, the leaves for example, 
crashed repeatedly with u^atcr, they afford a smaller 
ijuantify of ashes on burning, than when burnt without 
tfai» previous washing. 

It is to be added to this genera! statement, that al- 
though these principles are chiefly derived from the soil, 
Saussuce found reason to conclude, from some experi- 
ment^ that the atmosphere may aflTord a portion of them, 
l^e-experiment by which this was to be determined was, 
dbriously, to cause grains to grow in distilled water, and, 
by, a comparative experiment, to determine whether the 
phmts Jrroduced aflForded more saline or earthy matter than 
was contained in the seed. On making the experiment, 
it was fooiKl, that there was a small increase of this mat- 
ter during the vegetation, which, according to the views 
of Saussure, had probably been deposited from the atmo- 
sphere on the leaves of the plant 


* Rediettdtts, p. 3(Mr. 
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CHAP. II. 

OF Tin: PROXIMATE PlllXCIPLES OF 
VEGKTAIiLES. 


I F the chemist^ In the examination of the products of 
the vegetable kingdom, were under the necewty of 
investigating the properties and composition of indi- 
vidual substances produced by every plant, the task, from 
its extent, could starcely be executed. It is one, how- 
ever, which is altogether unnecessary ; for however nu- 
merous and diversified the products of vegetation may 
appear to be, they are all reducible to a few species, ca- 
pable of being distinguished by appropriate characters. 
These form what are named the Immediate or Proximate 
Principles of Plants : they are obtained directly by a very 
simple analysis, and arc all compounds formed by the 
combination of the ultimate elements of vegetable mat- 
ter. 

Thus, suppose that the object of the chemist is to dis- 
cover the composition of the bark of any vegetable, he 
does not attempt to resolve it at once into its ultimate ele- 
ments, since from this, without an intermediate analysis, 
little information would be gamed. But he endeavours 
to discover of what immediate principles, capable of bc- 
ing separated and distinguished from each other, it is 
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composed* If, with this view, it be subjected to macera- 
tion in water, it will probably communicate to the water 
colour, taste, and other sensible qualities. If the remain- , 
' ing bark be next heated with water in close vessels, a por- 
tion of fluid distils over, from which, on standing, an oily 
matter may separate, possessing odour and taste in an' 
eminent degree. If the matter which remains is digested 
in alkohol, a substance may probably still be extracted, 
which had hitherto resisted the action of the water ; and 
by repeated experiments of this kind, nothing is at length 
left, but the inert ligneous fibre. If it be now inquired, 
what was the composition of the bark, the analysis war- 
rants the conclusion, that it consisted of a peculiar matter 
soluble in water ; of another, not soluble to any extent, 
but volatile at the temperature of 212 ; and of a third 
substance, neither soluble in water nor volatile, but capa- 
ble of combining with alkohol, or of being dissolved by 
it* These, mixed with each other, and attached to the 
insoluble ligneous fibre, formed the bark. In a similar 
manner, the seed or fruit of a vegetable, its juices, or any 
of its productions, may be analyzed. 

The result of such researches is the discovery of a cer- 
tain number of common principles, capable of being dts- 
tlnguSahed from each other by peculiar properties, and 
forming, by their mixture or combination, all the varieties 
of vegetable matter. It is to these chiefly that the atten- 
tion of the chemist, so far as it is directed to the products 
of the vegetable kingdom, is confined. It would not on- 
ly be an endless task to examine chemically every indivi- 
dual vegetable substance, bi^ it would be one, in a che- 
mical point of view, comparatively without utility, since 
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ma^ would be found so much alike, that no discrimlna* 
tion of them as chemical agents could be esublished. 
One essential oil, for example, may differ from another in* 
its taste, or its odour, or in its action on the animal sys- 
tem i and similar differences may exist in diflerent resins, 

9 

.or different gums. They are with propriety observed and 
recorded by the naturalist, or by the physician, as they 
are often adapted to important purposes in medicine or 
in the arts. But by the chemist, such trivial differences 
must be neglected. They probably depend, indeed, on 
variations in the chemical composition of the different 
substances ; but such variations are by far too subtle to 
be traced with any accuracy by chemical analysisj^ Thus, 
the great number of essential oils which exist in the*ve- 
gctable kingdom possess the same general chemical qua- 
lities, and would afford, on decomposition, the same ulti- 
mate principles in the same proportions ; or, if any differ- 
ence of proportion were observed, it could never be clear- 
ly established, that this was the cause of the differences in 
their properties. And the case would be the same with 
regard to the other proximate principles. This necessarily 
leads to a more general examination, or the chemist must 
rest satisfied with reducing all these varieties to a few 
well-defined species ; those under each species agreeing 
in all their essential chemical properties and relations, 
though they may vary somewhat in their sensible quali- 
ties. 

The first step, then, in the consideration of the vege- 
table substances, is the discrimination of these species, or 
of what arc named the ^ifierent Proximate Principles. 
These exist in the entire vegetable in various states. Some 
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are collected in particular organs^ nearly* pure ; other/ are 
mixed with the common sap, or with each other ; and 
tome are chemically combined together. Different me- 
thods, > therefore, 2 B*e employed to obtain them separate. 

♦ 

Sohidtimes they are procured by spontaneous exudation 
£rbm' the living vegetable ; some may be obtained by me- 
chanical expression ; those which arc volatile are separat- 
ed by the d 4 e application of heat, and others are extract- 
ed by thelt Bolubility in water, alkohol, or other solvents. 

' ' When thus obtained separate, their properties are easi- 
ly examined, and thus the requisite discriminations be- 
tween them are established. 

IfiiW last place, it is necessary to investigate the com- 
jposkion of these substances. This is a subject of inquiry, 
however, extremely difficult : it is liable to all the inac- 
curacies arising from a complicated analysis ; and we are 
altogether unable to bring our conclusions to the siirer 
test which synthesis affords. 

The first mqde of effecting this analysis, and the one 
which has been most generally employed, is the mere ap- 
plication of heat. When a vegetable is raised to a tem- 
perature superior to 212°, in close vessels, the superfluous 
water it contains is first expelled : its decomposition then 
commences, and its elements enter into new combina- 
tions : a coloured empyreumatic oil distils over *, this is 
accompanied and followed by an acid which condenses in . 
tlie fluid form ; a quantity of aerial fluid is also extricat- 
ed,!. which, when examined, is found ia. general to be a 
mixfdrn of carburetted hydrogen, carbonic oxide, and car- 
acid s and skquantity of cliarcoal remains, with mi- 
nute portions of salts, canhS| and metals, which the ver 
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get:»le matter had contained. The nature of this analy.^ 
sis is sufficiently evident. The vegetable matter does not 
consist of the products thus obtained ; but by the heat* 
applied, the balance of attractions subsisting between its 
principles has been broken : these have entered Into new 
•combinations, and have formed the oih the acid, and other 
substances which the anaiysis affords. The oil results 
from the union of part of the hydrogen with part of the 
carbon of the vegetable matter i^the acid, from the com- 
bination of another portion of carbon and hydrogen with 
oxygen ; and the carburetted hydrogen, and carbonic acid^ 
are evidently other products of the Jiame principles, united 
in other proportions. 

This analysis of vegetables by fire was often perform- 
ed by the older cliemists. They supposed, that by means 
of it they might discover the source of the peculiar pro- 
perties of different kinds of vegetable matter. With tills 
view, above one thousand different plants were analyzed 
by the members of the French Academy, in the beginning 
of the last century, but with no advantage : the same pro- 
ducts were afforded by the analysis of all of them ; and 
these products not being such as pre-existed in the mat- 
ter analyzed, but originating from new combinations of 
its principles, could give no just idea of its composition, 
at a time when tliese ultimate principles were entirely 
unknown. . 

Even modern chemistry derives limited information 
from such an analysts. We can indeed collect all the 
products, we can. farther analyze them, so as to de- 
termine their cbmposhton, ascertam the simple sub- 
stances of which they are fiHmed, and the proportions in 
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which they are united v and hence it might be concluuedi 
that we might determine with certainty their absolute 
tomposition. But in such experiments, there are sources 
of error unavoidable, and nearly inappreciable. From slight 
variations of 'temperature, the new combinations formed 
will be considerably varied ; and as the simple substance^ 
which thus act^ on each other are capable of combining 
in numerous modes and proportions, products will be 
formed whose composition we can scarcely exactly deter- 
mine. We arc also always uncertain what proportion oi 
the products of the analysis have pre-existed in the vege- 
table matter, or have been actually formed. Thus, we car. 
never |eaipw how much of the water it contained has been 
decomposed, or how much of the oil or acid obtained is 
the product of new combinations. 

Still, from such an analysis, vre derive some general in* 
formation on the composition of the vegetable products ; 
and several just and important conclusions from experi- 
ments of this kind are to be found in the works of mo- 
'^dern chemists. If, for example, the vegetable substance 
which is exposed to heat yield a large quantity of acid, 
we conclude, that it has contained a considerable quanti- 
ty of oxygen as a constituent part. It is thus that we dis- 
cover that gum or sugar contains much more oxygen than 
the fixed or volatile oils do. If, again, it yield much oil, 
we conclude, that it contains a considerable quantity of 
hydrogen, since this clement is the principal constituent 
part of empyreumatic oil. In like mamieiv when ammo- 
nia or prussic acid Is afforded by this kind of analysis, we 
infer, that the substance operated on contains nitrogen, 
as that element is necessary for the formation of either of 
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these substances. In the same manner^ are discovered the 

earths and metals wliidi the vegetable may contain ; an4 
from the quantity of charcoal which remain we can 
draw some conclusion as to the quantity of carbon which 

* ^had existed in its composition. 

* Sometimes the proximate principles of vegetables ' are 
analyzed by exposing them to heat, witlilhe access oT at- 
mospheric air, and collecting the products of Uie combus- 
tion that takes place. From the Mature of theS^e products, 
we can ascertain the nature of its component' pFinci|>les ; 
and from the quantities, we may even ascertain the pro- 
portions in which they were united. Oil, for example, 
when subjected to this analysis, yields nothing Imt ^car- 
bonic acid and wMter. Wc conclude, therefore, that it is 
eompoiiecl of carbon and hydrogen, since these principles 
united with oxygen form these products, and since, if any 
duicr simple substance had existed in the oil, it would 
have appeared, either pure, or in combination with oxy- 
gen. We can even determine in this manner the propor- 
tion in which the carbon aoil hydrogen existed in the oil. 
We know' what quantity of carbon exists in a given quan- 
tity of carboiHC*acid, and what quantity of hydrogen exists 
ia a given quantity of water j and therefore, by determin- 
ing the quantities of carbonic acid and water produced by 
the combustion, we can ascertain the quantities of carbon 
and hydrogen which the substance contained. In this 
manner, Lavoisier found, that expressed oil consists of 
tw»elve parts of carbon united with three of hydrogen. 

The proximate principles of vegetable's are likewise 
sometimes analyzed by subjecting them to spontaneous 
decomposition. It is thus that sugar' is brought into the 

H 
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i and fr{>ih fbe products of the fer- 
motion; the . principles of the saccharine matter are de- 
termined. From sufh an operation, Lavoisier inferred, that 
:4„g^ .is coinposcd of eight parts of hydrogen, twenty- 

height of carbon, and sixty-four of oxygen. 

liistly, the analysis of these substances is eflected by 
„t4e -agency of the acids, which communicate to them 
Ciiygen, ?nd by tlie. product the nature of their acidifiable 

■ base isascl^tained. The nitric, and the oxymunatic 
' "acidi particular, are employed with this intention. 

■ ' Such, in general, are the methods by which vegetable 
' inatter may be analyzed. It is only necessary to observe, 

■ that eiriments of this kind are subject to unavoidable 
' efrok^n the execution, and that they aflbrd little more 


than an approximation, to the truth. 

. The following are the proximate principles of vegeta- 
bles that have been discriminated with sufficient preo 
Sion': Gum, Foculn, Sugar, Gluten, Albumen, Gelatin, 
Fixed Oil, Wax, Volatile Oil, Camphor, Resin, Extract, 
Caoutchouc, Tanin, Acids, Ligneous Fibre. To these 
have been added, some that are more eq-nvocal, as 
. the colouring matter, the aroma or spiritus rector, 
the bttte^,; acrid, and narcotic principles, and some 


"others. . r 

No unifMmity i8„observed in the distribution of any 

of these principles, with regard to,, the dillcrent parts 
of plants. The ligneous fibre forms the basis of the en- 
; tire v^etable ; the others are distributed’ through every 
. ^ for example. bring fpiw4 « 

: . 'WJ, seed, and fruit.^ a^ the ^a^ being the same with 
marly the others. Gtt^». jfectri3» 8accharin,e matter, 
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an\l oil either fixed or volatile, generally form the matter 
of the seeds ; the acids are usually contained in the frui( ; 
the extractive matter is very generally diffilsed through 
the vegetable ; tanin is found principally in the bark ; the 
fixed oils are obtained in general cither from the seeds or 
fruit, the volatile oils either from these, or from the wood, 
bark, or leaves. Gum, saccharine matter* and resin/oftea 
romposc the secreted juices which spontaneously exude. 


: IlCi. 


1. 


Of ox MLCIJ AGl 


Tiffs principle of vepet .Ue maM r appMr> to l«e oiff 
of the first products of thv* h to whuli sup is 

subjected in the process of it» It Is coiiraaied in 
Tuany plants 5 is found principally in tJie ce«’ Is and roots, 
but also in the stalks, bark, and leav(*s ; and is sometimes 
formed in such tjuantity, as to be diicharged by sponta- 
neous exudation fiom tlie buk. it often exists in com- 
bination with some of the other proximate principles, 
luirticubrly with fecula, sugar, extractive matter, vu\ re- 
sin. There arc seeds and roots, however, fiom which it 
can be extracted nearly pure, as from the seeds of the 
Liiium usitatissimum, or the roots of Althea ollicina- 
Jis. AVheh discharged by spontaneous exudation, it is 
gcnertilly pure ; and from some of the gums obtained in 
this manner, its rhnracters '0k a distinct tprincililc arc de- 
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rived. When in a soft or liquid state, it is named Muci* 
lage ; when in a Solid form. Gum. 

Gum is generallf in small fragments, wrinkled, and 
smooth on the surface, brittle, semi-pellucid, with fre- 
quently a tinge of yellow or red * it is inodorous and in- 
sipid : it is neither fusible nor volatile : when heated, it 
softens and blac^ns, and is soon decomposed : it has lit- 
tle infiammability ; for although, when heated in contact 
with the air, its carbon or hydrogen may combine with 
oxygen, yet it scarcely presents the phenomena of com- 
bustion, the flame, even when the temperature is raised 
high, being scarcely perceptible. 

Gum is soluble in water, either cold or warm, in every 
propo^on* Its solution is viscid, and, when the piopor- 
tion of gum is considerable, is of a thick consistence, and 
is adhesive. By evaporation, the gum may be obtained 
in a concrete form, and is soluble in water as before. 

The solution of gum in water become^ sour on being 
kept for some time, from the formation of a portion of 
acetic acid. This change is said to arise merely from the 
re-action of its own elements, and not from the abborp* 
tion of oxygen. By no management can gum be made to 
undergo the vinous fermentation. When mixed with 
yeast, and kept in the proper temperature, it retains its 
naturil taste, and acquires, after a number of days, only 
a peculiar and offensive smell 

Gum is' perfectly insoluble in alkohoU This re agent 
even precipitates it from its watery solution, or rather 
renders the solution milky, and is the test lly which gum 


* Ciuicksliank iu RoStc on Diabetes, p. 47h 
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13 ttsuially recognised. It i« alep ioeolable in ether, and ila 
oils, either volatile or fixed. From itsf .firiscosity, mud- 
lage serves lo diffuse oil more perfectly ^ough wstteXj 
. and to retain it in this state, of diffustOp, forming a milky 
^ mixture $ and for this j)urpo 0 e it is employed in pharr 
inacy. . , 

Gum is not directly dissolved by any of the concentrat- 
ed acids, but is decomposed by them, the decomposition 
varying as to its products, according to kind ,q| acid, 
and according to its state of concentration. Sulphuric 
acid blackens it, or evolves a ijuantity of its carbon : it 
causes; at the same time, part of its oxygen and hydro- 
gen to combine to form water ^ and a portion acetic 
pcid is also produced* ^ . 

Nitric acid exerts a different action upon it. No car- 
bonaceous matter is separated ^ but the elements 'of the 
gum receive oxygen from the nitric acid, and portions of 
oxalic acid, malic acid, and the peculiar acid named sac- 
cho-ljM:tic, are formed. The products, ^ however, appear 
to be different, according to the concentration or dilution 
of the nitric acid, and according as its action on the gum 
is promoted or not by heat. Mr Cruickshank appears, 
by using a diluted acid, to have obtained from gum only 
oxalic acid, a small portion of oxalate of lime being like- 
wise deposited from part of the acid combining with the 
portion of lime which is always contained in gum. From 
treating'an ounce of gum arable with an equa^proportion 
of nitric acid properly diluted, the quantity of crystals of 
oxalic acid formed amounted to 3 drachms S6 ^ins. 
With these were mixed a white powSer*, i^ounting to 
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^hich he found to be oxalate of lime ; nor 
does any sa€ch|^a<^tic acid appear to have been f^med 
On the other hahd> from the experiments of Fourcrpy 
a^nd Vauquelin, it appearS) that .the quantity of this acid» 
produced by thp action of nitric acid on gumy is consider- f' 
able, when the nitric acid is concentrated, and its action 
pronlbted by hcit. In this mode of making the experi- 
ment, from 1 Is to 26 parts of saccho-lactic acid were ob- 
taine^rom loo parts of gum. If the acid has not been 
boiled; W the gum, or if it has hot been concentrated or 
employed in too large quantity, malic acid is also formed 
with the oxalic acid, and it is converted into thfs httcr 
add, bf^he continued action of the . nitric acid. From 
100 pahs of gum arabic, these chemists obtained 21’ of 
malic acid, care being taken to avoid the conversion of 
any of it into oxalic acid f • 

Oxy-muriatic acid converts gum principally into citric 
held. For this purpose, it requires to be applied in its 
concentrated state, a current of oxy-muriutic acid gas be- 
ing . transmitted through a solution of gum in water. 
Vauquelin, who made this experiment, found that the 
gum was^ almost entirely converted into citric acid}:. 

; M acid/exerts little action on gum. It may be dis- 
I solved In the concentrated acid ; the liquid becomes 
brown ; a little carbon is separated ; the gum is changed 
in its properties, but does not appear to be converted in- 
to any acidi 

— " ■ 

* * Rollo on Diabetes, p.'46£(* ‘ ‘ ' 

f Fourcroy^s System'of Cht^istry, vol. vli. p. 197> &:c* 

5 Aanulcs de pLimie, pt 178. § 
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hlie alkalis and alkaline earths^ when dissolved in wa-* 
ter> dissolve gum^ithout producing on it much chan^^e. 

The decomposition of gum by heat affords that mode 
of analysis by which we discover with most accuracy its 
elements and their proportions. The products are a large 
quantity of an acid liquid formerly regarded as a peculiar 
one, and named, as being obtained front the decomposi- 
tion of mutihige by fire, pyro>niucous acid, but now dis- 
covered to be acetic acid, disguised a little by st small 
portion of empyreumatic oil : With this acid liquor, there 
distils also a portion of empyreumatic oil ; carbonic acid 
gas and carburetted hydrogen gas are produced, and there 
is a residuum of charcoal, light and spongy. From this 
analysis, it was inferred, that gum consists of carbon, hy- 
drogen, and oxygen, these being the elements of these 
products. The quantity of acid being greater than that of 
oil, it was inferred, that gum contained more oxygen than 
some of the other vegetable principles ^ while, being less 
than that from sugar, it was supposed to differ from this 
principle, in contaiaing a smaller proportion of oxygen* 
The proportions, as given by Fourcroy and Vauquelin, 
were 2d. 08 of carbon, of hydrogen, and of 

oxygen. Tlie experiments of Mr Cruickshank have 
thrown more light on its composition. He observed, that 
when the pyro-mucous acid obtained in its analysis by 
heat, was saturated witli lime, a strung smell of ammopia 
was perceptible ^ hence this alkali had been formed in the 
decomposition of the gum, and of course nitrogen must 
enter into the composition of this substance. He farther 
found, that the residual charcoal contained a little lime, 
in part cpnibined with phosphoric acid.^ From one ounce 
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of gum arable exposed to heat in a retortithjere were obtain- 
ed 3 drachms SO grains of pyro-m%CQus acidi diluted 
with water, and mixed with a little empyreumatic oil ; the 
residuum of charcoal amounted to 1 drachm 46 grains ^ , 
27S ounce measures of aerial fluid were collected in the f 
apparatus connected with the retort, of which 9S were 
carbonic acid^ and the remaii^ing ISO that variety of car- 
buretted hydrogen that is obtained from moistened char- 
coal by exposure to heat. « The charcoal, when burnt, left 
a whitish powder, amounting to about 10 grains, which 
was found to be lime, mixed wdth a very small portion of 
calcareous phosphate. Similar results were obtained from 
gutn trUgacanth, another pure gum ; one ounce of it 
yielded 4 drachms 5 grains of pyro>mucous acid, 1 drachm 
4iS grains of charcoali 78 ounce measures of carbonic 
acid gas, and 91 ounce measures of carburetted hydrogen 
gas. The acid, when supersaturated with lime, gave out 
still more ammonia than was disengaged from the acid 

obtained in the decomposition of gum arabic ; and the 

/ 

chdtcoal, when burnt, left a white residuum of 12 grains, 
which was found to consist of lime, with a little calca- 
reous phosphate. Lime was also discovered by re-agents 
in the solution of gum arabic in water : when a small 
quantity of sulphuric Acid was dropped into k, necdle-like 
crystals were slowly deposited ; and when these were rc- 
dissolvcd in distilled water, and oxalate of ammonia add- 
ed, a copious precipitate of oxalate of lime immediately 
took place 


Kollo on p. 462. 465« 



CV T£C£TABt£S« 


m 

Vauquelin has since given some additional facts on the 
analysis of gum. He not only found caihonatc of lime^ 
with z small proportion of phosphate of lime in the a Aes 
k left after the combustion of gum^ but likewise a small 
. quantity of oxide of iroi\. The lime existing in gum, he 
' supposes to be combined with an acid $ as the solutions dE 
gam, instead of giving any indications eff pure Umef, va-* 
tlier indicate acidity ; and a bit of gum, rubbed on paper 
moistened with a blue vegetabte juice, rendered it red* 
The only soluble compounds of lime with a Tegetable 
acid are those with the malic and with the acetic* The 
former is only soluble with an excess of acid ; it is pro- 
bable, therefore, that it is with the acetic acid that it is 
combined, — a probability confirmed by the consideration, 
that acetic acid exists in the sap of vegetables of which 
gum appears to be one of the first products 

From the experiments on the composition of gum, it fol- 
lows, that its ultimate%lemcnts are carbon, hydrogen, and 
oxygen, the proportion of oxygen being less than in sac- 
charine matter i but that with these are also combined 
smaller proportions of nitrogen and lime. From tlie ad- 
dition of these last elements, an important difference is 
establlbhed between gum and other two principles with 
which it has some relations, fecula and sugar : they are 
capable of being made to pass into the vinous fermenta- 
tion, which gum is not ^ and this difference appears to be 
owing to their presence, principally, perhaps, to that of 
Uic lime. Mr Cruick'shank accordingly found, that when 


* NichoUon^s Journal, vol! xii. p. 256. 
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lime was added to a solution of sugar, the latter was reii* 
^ercd incapable of undergoing the fermentative process *• 
Gum is usually obtained^ either by spontaneous exuda- 
tion, or by incisions made in the trunk and branches ofi^^ , 
trees. Its existence in vegetables is easily detected. 
is only necessary to boil gently the vegetable substance 
witBi water : the water dissolves the gum ; and if tlie ve- 
getable contained much of it, the decoction will be gluti- 
nous, It may be allowed to stand till the impurities have 
wbsided : it is then to be evaporated to the Consistence of 
thin, syrup. The addition of three parts of alkoliol will 
precipitate the gum. 

’ Qf the different gums, those obtained by spontaneous 
exudation are the purest, though they also differ in* pu- 
rity, and in some of their qualities, as produced from dif- 
ferent plants. The purest of them, the Gum Arabic, is 
the prod^e of the Mimosa nilotica, a plant a native of 
£gypt and Arabia. It is white o^ycllowish, semi-trans- 
parent and brittle, perfectly insipid, and free of odour. 

It is easily soluble in water, forming a viscid solution. 
Gums exude from the cherry, plum, and other trees of 
this country, very similar in their qualities to the gum 
arable, but less pure, and' more coloured. 

Hie other principal gum, termed Tragacantli, is the 
produce of the Astragalus tragacantha, a native of the 
island of Crete. It is in small wrinkled pieces, less brit- 
tle and Jess transparent than those of the other gums. Its 
solution in water is much more yiscid and adhesive th<ni 
tliat of ilii' gum arabic. It also somewhat opaque, and 
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does not feel glutinousi but slippery. From this circum«« 
stance^ Hermbstaedt has distinguished th^^ two substaiir 
CCS as different proximate principles^ applying the name 
.of Gum to that which forms with water transparent 
glutinous solution! and that of Mucilage to that which 
* forms with water a solution more or less opaque and 
slippery j gum arable being given as an ^example of the 
one, tragac.intli of the other I'his distinction, however, 
is entirely nugatory. The slight*cloudinc$s of the solution 
of tragacanth, or of the mucilages of seeds or roots, may 
be owing to the admixture of a minute portion pf fecula, 
oi!, or some other vegetable matter. In all tlieir essential 
piopcnies they are perfectly alike 5 and Mr Cruickshank’s 
experiments show, that their composition 4s the same. 

It appears, that, from some of the vegetables of this 
country, gum or muciLge may be extracted in such 
quantity, that they may afford a source whence an abun*> 
daiit supply may be derived for its consumption in some 
of the arts, particularly in calico-printing, in which it is 
largely used. Mr Willis some years ago observed, that 
the root of the plant callcvl blue-bells or har<?bclls (Hya- 
ciiithus non-scriptus) was extremely mucilaginous. A 
pound of the bulbs of this root, when dried, yielded about 
four ounces of a powder which afford to water, by ma- 
ceration, a strong mucilage, and, when tried for the pur- 
pose of thickening the mordant and fixing the colours iu 
calico-printing, was found to answer equally well with 
gum arable, when used in the same proportion -j * lie 


* Medical and Physical Journal, vol. i. p. * 73 * 
{ Nftliolson’s Journal, 8 vo. vol. vil. p. 
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has Stni^e discovered other vegetablesi the roots of which 
^ffbrd a muci|age equally strong with that of the Hya« 
^cinAus non*fScriptuS| particularly the vernal squil (Scilla 
vema) and ^ the white lily, (Lilium candidum), andL- 
which might be used as substitutes for gum arabic when 

% 

it bears a high price Some experiments on the mucilage 
of the Hyacintbus hon-seriptus, and on its application to 
useful purposes, have been likewise made by Leroux* 
.He has given different 'methods of preparing it : that 
which on the whole answers best, is to macerate the 

* t 

bulbs of the root in a suiEcient quantity of water, to form 
a thick mucilage, which is expressed, and dried by expos* 
ure to the air. This mucilaginous matter appears, from 
his 'cxperimeniS, to have all the properties of gum : it af^ 
forded the same products by analysis, and suffered simi- 
lar changes frotn the action of the acids f . 

A discovery of perhaps still more importance in the 
arts, is that of a method of extracting a mucilage, which 
may be employed afs a substitute for gum, from the dif- 
ferent lichens which grow on the bark of our common 
trees and shrubs. The method was discovered and made 
public by Lord Dundonald The lichen does Jiot 
cx)nsist entirely of a gummy matter. There is the outer 
skin or cuticle ; below that a green resinous matter ; the 
remainder of the plant consists of partly gum, partly a 
matter somewhat analogous to animal substances, and a 


* Nicholsqn's JournaVSvp. vol."ix. p. SSi. 
f Amialt's de Cbimie, tom. xl. p. 

I Philosopluc^^Magaxme, yoh x. p. 
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imall proportion of fibrous matter, which cannot be dis« 
solved by boiling, or the action of alkaline salts. 

<< The first process in preparing guni from the lichen is 
to free it of the outer skin of the plant and the resinous 
matter. Ttiis is done by scalding the lichen two or three 
* tiroes with boiling water, allowing it to remain so long in 
the water as, by absoibing it, to swell : in doing this/ the 
skincracks, and comes off along with the greatest part of 
the resinous matter. Or it may be freed from them by 
gently boiling the lichen for about fifteen or twenty mU 
nutes, then washing it in cold water, laying it afterwards 
upon a stone or brick floor, where it should lie for ten or 
twelve hours, or peilnp? more. The reason for this is, 
that the exposure for that time to air greatly facilitates 
the subsequent extraction of the gum. 

« The scalded lichen is then to be put into a topper 
boiler with a due proportion of water, two wine gallons 
to every pound of lichen, and boiled during four or five 
hours, adding about half an ounce or three quarters of 
an ounce of soda or pcarUashes for every pound of li- 
chen } or, instead of these salts, about half an English 
pint of volatile alkali. The boiling sliould be continued 
until the liquor acquires a considerable degree of gummy 
consistence. It is thf*n to be taken out of the boiler, al- 
lowed to drain through a wire or hair cloth. The resi- 
duum is to be put into a hair cloth bag, and to be squeezed 
in a press similar to that which is used by the melters or 
rinders of tallow. 

“ The first boiling does not extract the whole of the 
gum. The lichen should be boiled a second and even a 
third time, repeating the ptocessi as above described, di- 
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ininishing at eacli process the quantity of water and the 
quantity of alkali, which a little experience will soon point 
out* When three boilings are employed, the gummy ex- 
tract of the last boiling should be kept for the first boilv- 
ing of a fresh batch of lichen. The extract proceeding 
from the first and second boilings slioutd be mixed toge- 
ther^ and evaporated to the consistence necessary for block 
or press printing. The evaporating vessels should be of 
tin or thin lead, placed over a range of stoves, ami mode- 
rately heated by fire or the steam of water.” — ‘‘When gum 
from the lichen is to be employed for making ink, manu- 
facturing and staining paper, ami for stilFening silk;?, 
crapes, and gauzes, it should bo extracted from the llchoii 
without employing any alkaline salts, ccaitinuing the boil- 
ing or digestion longer, and with a moderate degree of 
heat, in which case the gummy extract will be nearly 
colourless^. When volatile alkali is used, the boiler should 
be of iron, as volatile alkaK acts on copper.” From a cal- 
culation which Lord Dundonald adds, it appears, that 
the mucilage thus obtained may be used with much ad- 
vantage aSNa substitute for gum ; and it has, I believe, 
been employed by the calico-printers of this country, at 
least in some of their processes. 

Pure gum is not an active substance, considered with 
respect to its effects on the living system. In medicine, 
it is only used for its lubricating quality i and so little 
activity does it exert, that it has often been taken for a 
considerable time as an article of food. Though pure gum, 
however, is thus inactivej, t|y|'Virtues of many vegetables . 
are found to depend matter. 

From its chemical is of ratlier more j 
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importance. As a component part o( vegetable matter, 
it renders the other parts more soluble in watery liquors. 
It] pharmacy, it is ofu n used as a medium ^to suspend 
oils, balsams, and resins, in water. In the arts, the differ- 
ent gums are applied to various purposes, from their ad- 
liesivc quality, and to diffuse powders in watery fluids • 
they nre thus used in dying, ink-making., calico-prinjing, 


SIXT. II. 

rzeVLA, OR STARCH. 


The term Fecula, or Starch, is appropriated to a sub- 
rtance existing in vegetables, similar in many of its pro-^ 
perties to gum. It is a dry, white, insipid powder, which 
forms the principal part of the nutritive grains and roots^ 
It is extracted from them by beating them in water, or 
by working the powder of them, made into a paste with 
water, in th| hand : the soluble parts are dissolved ; the 
fibrous and glutinouf parts remain unaltered ; and there is 
diffused through the water a fine white powder, wliich 
gradually subsides, and may be dried. This is termed the 
Fecuja of the plant. 

If wheat flour, for example, be subjected to this opera- 
tion, — if a quantity of it is made into a paste with water, 
inclosed in a bag, and vnou§\xt constantly, while a stream 
of water is poured upon it, thef^eater );>art of it is carried 
off in the form of a white powder; which forms the sub- 
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stsntce commonly named Starcli. This is a pure fccula. 

A similar product may be obtained from rye, and, in ge« 

- ® 

xicralf all those grains which are used as food. It can also 
be obtained from the potatoe, and from other roots and^ 
atems of plants. Sometimes it is extracted from the 
most poisonous or acrid plapts^ the poisonous or acrid ' 
matter being soluble in the water, and being, of course, 
easily separated from the fecula. 

.■ The principal of these .is the starch of wheat, w'liich is 
prepared in the following manner : The grain, well clean- 
ed, is kept in cold w^ater until it soften and sw^cll, so that 
the husk separates ; and by pressure, it then gives out a 
milky fluid. The grains are put into a hempen bag, and 
pressed or beat, cold water being poured on them in sufii- 
cient quantity. The fccula is thus pressed out, and dif- 
fused through the water. As the water receives from the 
gnun at the same time a quantity of saccharine matter, it 
soon runs, in tlie temperature at which it is kept, into the 
acetous fermentation ; and the weak acid thus formed, by 
digesting on the fecula, renders it much whiter than it 
otherwise would be. After it has subsided, the clear li- 
quor is run off; the precipitate is repeatedly y ashed with 
water ; it is then pressed in a cloth ft force out the wa- 
ter ; is cut into small pieces, and dried with a moderate 
heat. ‘ ' 

When, by any process of this kind, a fecula is obtained 
pure, it exists under the form of a light white powder, 
easily divisible, and very soft to the touch, and wrhen sur- 
veyed in a strong light, appfepHing to be in the state of 
minute brilliant grains? it is insipid, and inodorous. 
Sometimes it remains stiff unilxid with some of the other 



OF VEGETABLES. 


129 . 


principles of the plant, from which it receives more or less 

colour, smell, and taste. Fixed oil, when united with it, 

« 

is separated perfectly with difficulty ; and a compound 
pf this kind forms the residuum obtained in the extraction 
of fixed oil by expression from seeds. 

* The peculiar property by which this principle is clear- ^ 
ly distinguished from every other, is its complete insolu- 
bility in cold water, while with hot water it forms a ge- 
latinous solution. Its insolubility in cold water is very 
evidently shown in the mode in which it is prepared, as, 
although it is agitated in the water, and suspended in a 
state of very minute division, no part of it is dissolved. 
Its solubility in hot v/ater is discovered, by diffusing a lit- 
tle of it in coM water, and heating the mixture to a tem- 
perature of IGO or 180, or by pouring boiling water on it. 
In either case, a solution of it takes place, more or less 
gelatinous, according to the proportion of water employ- 
ed. *rhis jelly may bo dried into a stiff hard mass, which 
is still insoluble in cold, soluble in hot water. 

By forming a gelatinous solution in hot water, fecula 
appears to approach to the nature of gum ; but its total 
insolubility in cold water at once distinguishes between 
them, and characterizes it as a peculiar principle. 

There is another chemical quality by which it is not 
less unequivocally distinguished j it is capable ol being 
converted into sugar, and of thence passing into the vin- 
ous fermentation, which neither gum nor any of the other 
vegetable principles is. 

Fecula is entirely insoluble in alkohol, or in ether. 

Exposed to heat in cdatMCt the air, it blackens, 
swells up, and forms A spoli^ clnuEtaal. If strongly heat- 

' t * 
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ed| it burns. When heated in close vessels^ it affords a 
^large quantity of dilute pyro-mucous or acetic acid, with a 
little empyreumatic oil ; carbonic acid and carburetted hy- 
drogen gases are extricated, and a portion of charcoal 
mains. From this analysis, fecqla appears to be a ternary 
compound of carbon, hydrogen, and oxygen. Some traces 
of phosphate df lime are to be found in its ashes *, but 
this may arise from the gluten often associated with fe- 
cula, a small portion of •which may adhere to it. 

The action of the acids on fecula is somewhat analo- 

c 

gous to that which they exert on gum. When much di- 
luted with water, they dissolve it, especially if the tem- 
perature be raised, and form a gelatinous solution. If con- 
centrated, they decompose it. Sulphuric acid blackens it, 
by evolving a portion of charcoal ; and water and acetic 
acid are at the same time formed. The action of muriatic 
acid is similar, but less energetic. Nitric acid does not 
separate its carbon in a sensible form, but affording to it 
oxygen, converts it into malic and oxalic acids. This ac- 
tion takes place most completely when the nitric acid is a 
little diluted, and a moderate heat applied. 

The alkalis, when in solution in water, dissolve fecula or 
reduce it to the consistence of a jelly, without the assist- 
ance of heat. The acids separate it from this combination. 

There are few plants which do not afford more or less 
of this principle ; and it is contained in all the nutritive 
seeds and roots. It is generally mixed or combined with 
other principles, and sometimes intimately, so as not to be 
easily separated. It does not appear to be completely 
formed but in certain states of vegetation. Thus, in the 
nutritjvp grains^ it is perfect only when they have attain- 
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ed maturity : previous to that period, it is in a state ap- 
proaching to mucilage mixed with saccharine mattei;. 
It is probably formed from mucilage in the progress of 
wcgetation ; and Leroux, in his experiments on the muci- 
lage of some of the tuberose roots, observed, that in the 
mere drying of the mucilage, especially towards the end 
of the process, when the matter began to lose its huhiid- 
ity, a portion of it appeared to be converted into fecula 
This principle is sometimes employed in its pure 
state medicinally, from its nutritious quality, and from 
being easy of digestion. Sago and Salop are fecula of this 
kind. The former is the produce of the Cycas clrcinalis, 
and is extracted from the pith of the stem and branches, 
by maceration in water : it is washed, passed through a 
perforated copper plate, so as to reduce it to grains, which 
are dried. Salop is the produce of the Orchis mascula. 
The lately introduced arrow-root powder is said to be the 
produce of the Maranta arundinacea. Cassava is prepared 
from the tuberose root of the manioc, (Jatropha Manihot). 
With the fecula of this root, there is associated an acrid 
and poisonous juice, which is however completely separ- 
ated by washing, in the process by which it is extracted. 
The roots of the Bryonia alba and the Arum macuhtum 
are likewise composed principally of fecula, associated 
with acrid matter, which is separated in the process by 
which the fecula is extracted from them. These two were 
formerly prepared for medicinal use. Wheat affords per- 
haps a larger quantity of fecula than any other vegetable 
substance, and in a state of perfect purity, A very pure 


* Annales de Chimie, tom. xl. p. 15G. 
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fccula, In large quantity, is also extracted from the pota- 
€toe, the root being peeled, well cleaned and rasped, the 
pulp placed on a hair sieve, and water poured on it until 
the fccula is extracted, which, after being deposited, fe 
w’ashed and dried. It amounts, according to Dr Pear- 
son’s experiments, to from 15 to 17 parts in 100 of iLe 
root, the remaining parts being water, with S or 9 of 
fibrous matter, and 5 or 6 of mucilatTo * : this fccula has 
been used as a substitute, in stiffening linen, and similar 
purposes, for the starch of wheat. Lastly, some of. tire 
lichens contain a large quantity of fccula ; and the Lichen 
islandicus, which has been celebrated for its mild nurri- 
tivL\quality, consists entirely of it, so as to afford a fe- 
cul.i nearly pure, when reduced to powder. 

Fecul.i is, of any variety of vegetable matter, best a- 
dapted to the nourii^hmcnt of animals ; and it forms the 
principal part of ali the seeds and roots which are us(mI 
articles of food by man. Its high nutritious power is well 
shown, by the fact, that some of the most nutritive of 
these, and which even alone arc capable of sustaining 
animal strength and growth, as rice, or ihc potatoe root, 
contain no other principle that can contribute to this, but 
fccula. Thus, the root of the potatoe, according to Dr 
Pearson's analysis of it, contains, besides fecula, only a 
small portion of mucilage and fibrous matter ; yet, as he 
remarks, “ there is sufficient evidence, that the potatoe root 
and water, with common salt or other Reasoning, can 
nourish as well as any other vcget.ible matter and water, 
wdih seasoning.”^ 

Fecula, be.sides its use, either pure, or under the form 
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of the nutritive grains as an article of diet, is used in 
the state of its gelatinous solution, for pasting and stilFcn- 
ing linen or other kinds of cloth. It also enters into the 
^composition of some pigments. 


Rose has lately pointed out a principlt very analogous 
to fecula, tliough differing from it in some properties, 
v’hich is extracted from the rebt of elecampane, (Inula 
helenium). It is deposited in the form of a white pow- 
der from the decoction of the root, after it has stood for 
some hours. It is insoluble in cold water ; is soluble in 
boiling water ; the solution, though liquid while hot, be- 
comes gelatinous as it cools ; and in the course of 'some 
hours, t!ie solution depositos the greater part of the sub- 
stance dissolved, in the form of a compact white powder. 
Alkohol precipitates it from its solution in water. This 
white matter, thrown on burning fuel, melts like sugar, 
and evaporates, diffusing a white pungent smoke, leaving 
a small coaliy rc^iduum. At a red heat, it burns with a 
vivid white flame. By distillation, it gives an cinpyreu- 
matic acid, without any empyreumatic oil. Nitric acid 
converts it into malic and oxalic acids, an<l, when in ex- 
cess, into acetic acid From these properties, it is inferred 
by Rose, that this substance is neither gum nor ferula, 
but intermediate between them \ and he considers it as 
probable, that several pr oducts, which have been regard- 
ed as varieties of fecula, arc rather of tlie nature of this 
powder *. 


* Nicholson’s Journal, vol. xii, p. 97 
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SECT. Ill- 

SUGAR. 

Saccharine matter is very generally mixed with the 
fecuh in the seeds and roots of vegetables. It exists also 
in still larger quantity as one of the secreted or proper 
juices of the plant. It is ‘not a constant principle, but is 
formed chiefly, or in any considerable quantity, only. at 
certain periods of vegetation. In fruits, it is found in 
abundance only in a state of maturity ; and in those plants 
which afford it in largest quantity, it is more abundant at 

i 

certain periods than at others. 

The plant named the Sugar Cane (Arundo saccharife- 
ra) has been long cultivated for the production of sugar. 
The juice of it, at a certain season, consists principally of 
saccharine matter : it is' pressed out by subjecting the 
canes, cut short, and tied in bundles, to the pressure of 
three upright iron rollers or cylinders, the middle one of 
which is made to revolve. The expressed juice is imme- 
diately conveyed into copper pans, in which it is to be 
clarified. This is done by heating it with a quantity of 
pure quicklime, by which the portion of acid present in 
the juice, and which prevents the concretion of the sugar, 
is neutralized j the lime in combination with this acid, 
and with some other vegetable matter, is precipitated : 
towards the end of the operation, a scum collects on the 
surface, consisting of the jnucilaginous and oily matter of 
the juices, with any grosser impurities entangled in it. 
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When this is fully formed, the fire is damped, and the li- 
quid is allowed to remain at rest, to become clear. It is 
afterwards run into the evaporating bdiler, in which it is 
i^ade to boil, the scum, as it rises to the surface, being 
removed : it is removed from one evaporating vessel into 
’another, as the evaporation proceeds, until it be so far 
boiled down, that on cooling, the sugar vwill concrete^ It 
is then run into the cooler, a large shallow wooden ves- 
sel, in which this operation takes place ; and from the 
concrete sugar, the remaining liquid part, the Molasses 
of commerce, is drained off. 

The sugar thus obtained is in the state of small crys- 
talline grains, of a brown colour, and is not perfectly 
pure. It is sometimes obtained in a purer state, by running 
the inspissated juice into vessels of a conical form, the 
apex of the one being undermost, in which it is allowed 
to concrete ; by an aperture at the bottom, the remaining 
liquid is withdrawn, and there is applied to the base of 
the cone, or the uppermost part in its inverted position, 
a layer of clay, which is kept moist with water : this wm- 
ter filtrates slowly through the sugar, and more com- 
pletely removes the molasses. 

In Europe, the sug.ir is purified by a process some- 
what similar. It is dissolved in limc-w'ater, and boiled, 
the lime being supposed to neutralize a small portion of 
acid that is still present in the unrefined sug.tv ; a quan- 
tity of blood is added, which forms a coagulum during 
the boiling, that rises to the surface, and entangles the 
impurities. The clear liquor is boiled down to the pro- 
per consistence : it is 'run, when cold,* into conical clay 
moulds, which arc' placed with the apex of the cone mi« 
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dermost : when it has become concrete, an aperture is 
made at this point ; the base of the cone is covered with 
clay, which is moistened with water j and this water, 
slowly transuding through the sugar, dilutes and removor 
any superfluous syrup : the conical loaves are then dried 
in a stove. This operation is even sometimes repeated : 
theosugar is ihtfs brought to the state of greatest purity : 
it is in the form of a mass, composed of crystalline grains, 
white, and having a taste perfectly sweet, without any 
peculiar flavour. 

Other plants besides the sugar cane produce saccharine 
matter in such abundance, that it is extracted from them. 
In’ America, large quantities are obtained from the sugar 

c 

maple, (Acer saccharinum). According to the account of 
the mode of extracting it given by Dr Rush, the saccha- 
rine juice is most abundant in the tree in the spring 
months : the stem of the tree is at that season bored with 
an auger, the instrument being introduced about three- 
fourths of an inch, and in an ascending direction, and the 
aperture being afterwards deepened gradually to the ex- 
tevit of two inches. When the juice ceases to flow from 
thivS, or is much diminished in quantity, a similar aper- 
ture is made in another part ; and in the course of from 
four to six weeks, during wi}ich the juice continues to 
flow, a large quantity is collected. l^he saccharine 
matter is procured from it by boiling it until tlie 
greater part of the superfluous water is dissipated ; a 
small quantity of slacked lime being added, vsrith a por- 
tion of milk, or of the whites of egg to clarify it, and a 
little butter, to prevent the liquor from boiling over the 
vessel. The sugar is made to concrete, and is clayed and 
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refined nearly in the same manner as is practked in the 
manufacture of sugar from die sugar cane. From the 
juice yielded by a tree of the usual size^ five pounds of 
sugar may be extracted, and the operation can be repeat- 
ed annually, the tree not.being injured by the tapping 
^rhe tree begins to afford the saccharine juice when twen«« 
ty years old, and ceases to afford it wherr about sixty or 
seventy years of age. 

The beet (Beta vulgaris), the* parsnip (Pastinaca sati- 
va), the carrot (Daucus carotta), the turnip (Brassica ra- 
pa), and several other plants allied to these in their natu- 
ral characters, arc known to contain, at certain periods of 
their growth, juices possessed of a considerable degree of 
sweetness, deposited principally in their roots ; and Mar- 
graaf long ago extracted from all of them a portion of su- 
gar f. A few years ago, the production of sugar from the 
beet engaged in particular the attention of the German 
chemists ; and it was supposed, that it might be cultivat- 
ed with advantage, to obtain a substitute for the sugar of 
the West India islands. Different memoirs on this sub- 
ject hare been published by Achard J, Hermbstaedt |1 , 
Lampadius ^f, and others. The general process for ex- 
tracting it, as described by Achard §, consists in softening 


♦ Transactions of the American Philosophical Society, vol. 
iii. p. 64?. 

f Memoires de I’Acad. dee Sciences ^de Berlin, 1747. 

:j: Nicholson’s Journal, 4to, vol. iii. p. 237. 2S8. 

II Ibid. p. 333. 410. 

•[ Annales de Chimil', tom. xxxviii. p/76. 

§ Ibid. tom. xxxii. p. 2(i4. 
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the roots, by boiling in water, cutting them in slices, and 
, expressing the juice by a press. The expressed juice is 
Sprained, and is reduced by boiling to^bout two-thirds. 
It is then strained, and is reduced, by farther boiling in 9 
smaller boiler, to about one-half. It is strained a third 
time, and, in a still smaller boiler, is reduced to the con- 
sistence of a syvup. This syrup, put into shallow carth- 
jen vessels, is kept in an apartment heated by a stove to a 
temperature of from SO^'to 120 of Fahrenheit, until the 
sugar is deposited in an irregular crystallized mass. The 
remaining liquid is poured off, and the soft mass of su- 
gar is subjected to pressure, gradually increased, in a bag, 
so as to force out the liquid part, and obtain the sugar 
dry. The addition of a portion of lime-water in the boil- 
ing has been supposed to facilitate the concretion of the 
sugar, and has, in particular, been recommended by Lam- 
padius, and supposed by him to operate by neutralizing 
the acid contained in the juice. He has introduced some 
other variations in the process, as expressing the juice 
from the roots without previous boiling, adding in the 
subsequent boiling a portion of milk, which, by its coa- 
gulation, serves to clarify the juice ; and reducing the 
heat considerably in the last stage of the evaporation 
And Achard, in a process vvduch he has given subse- 
quent to the first he proposed, employs a little sulphuric 
acid to coagulate the albumen of the juice, and afterwards 
lime, both to abstract this acid, and promote the crystal- 
lization of the sugar f. More lately, Hermbstaedt has 

* Annales ic Chimie, tom. xxxviii. p. 

f Nicholson’s Journal, vol. xii. p. 2.59. 
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given a process still more simple, and less expensive. The 
juice of the beet being expressed, is clarified with lime, 
in the same mannet;as the juice of the sugar cane. It is 
th^n evaporated to the consistence of syrup, is left to 
cool, when a coarse brown sugar concretes, leaving a por- 
tion of syrup 

In some former experiments, Hermbstaedt obtained, 
from 125 lbs. of the roots of the Beta vulgaris, 5f lb; of 
brown sugar, and ly lb. of syrup, which drained off. This 
sugar has rather a disagreeable taste, but by clarifying the 
juice with the white of an egg, (for which, in the large 
way, blood might be advantageously substituted), the su- 
gar is obtained white and pure f ; and by some process of 
this kin<l, it has been manufactured and refined so as to 
be equal to the common refined sugar J. The product, 
liowever, is very various, and is much dependent, as 
Achard has shown, on the methods practised in the cul- 
tivation of the plant ; and by a due attention to those cir- 
cumstances by which the production of saccharine matter 
is increased, he calculated, from his experiments, that in 
Germany brown sugar might be obtained from the beet 
in the large way, at an expence not exceeding threepence 
pfr pound. In a report presented to the National Insti- 
tute, the result of the calculation is rather less favour- 
able ; but the reporter admits, that the experiments on 
which this was founded were not sufficiently varied, nor 
on a large scale ||. 


* Nicholson’s Journal, 8vo, vol. xiii.^p. 267. 
t Ibid. 4to, vol. ill. p. 168. J Ibid. p. 474?. 
j| Ibid. tom. XXXV. p. 134. 
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The fecula of vegetables, it has already been remarked, 
is convertible into saccharine matter by the action of 
oxygen. This takes place in gcrmina^on, and when per- 
formed on grain previous to fermentation, constitutes ijie 
process of waiting. 

Sugar is also produced in the animal system in some 
morbid states^and is discharged by some of the secretions 
in considerable quantity. 

Sugar, when pure, has a perfectly sweet taste, free from 
any peculiar fl vour: it is inodorous and of a white co- 
lour; and in the state in which it is usually prepared, is in 
masses composed of brilliant grains : the sugar from dif- 
ferent vegetables, however, often retains a portion of ex- 
tractive, mucilaginous, or oily, matter, from which it de- 
rives taste, flavour, and other qualities. 

Sugar is abundantly soluble in water ; at the tempera- 
ture of 50 it does not require more than its own weight 
for its solution. At a higher temperature the quantity 
dissolved is greater; and at that of 212 the water can 
retain any quantity in solution. The consistence of a 
strong solution of sugar in water, is thick and viscid. In 
pharmacy it is named Syrup, and different syrups arc pre- 
pared from vegetable juices, or vegetable infusions, by an 
addition of the requisite proportion of sugar. 

Sugar crystallizes from its saturated solution : the form 
of the crystals is a prism of four of six sides, bevelled 
at each extremity, or sometimes acuminated by three 
planes 


1 
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Sugar is likewise soluble in alkohol, and the solution 
alFords crystals on evaporation. In the vegetable analy- 
sis, this solution may be advantageously employed to ex- 
tract sugar from tlicse vegetable products which contain 
it in small quantity, as it frees it from the mucilage which 
otherwise adheres to it *, and by crystallization it my 
be separated any other prineip-e vrlfich the alkohol 
had dissolved, i'y^his process hlargraaf obtained pure 
sugar from a number of vegetaMes. 

When exposed to heat .sugar is blackened, swells up, 
and burns to a coal ; and if the heat be high this is ac- 
companied with flame. The products of its combustion 
are water and carbonic acid. 

Tlio fixed alkalis combine with sugar in solution in 
water : the alkaline properties, as I-.ow*itz observed, are 
little altered by the combination, even when a large eju^n- 
tity of sugar is used, and the alkali is boiled with it. The 
sweet taste of the sugar is nearly destu jed, but on add- 
ing sulphuric acid, and prcc’»pitatii5g the sulpliate by ai- 
kohol, the sweetness is completely restored ITt com- 
pound of sugar and potassa appears not to be sclublo in 
alkohol, though botli its ingredients are : Mr Cruicfc- 
shank having found, that v/hen alkohol was added to a 
portion of the solution of sugar and pure potassa, after it 
had been boiled to the consistence of a syrup, no union 
took place, but the alkohol, though the inixluro was re- 
peatedly agitated, sw'am cn the surface. 

Tlie action of the alkaline earths on sugar is similar to 
that of the alkalis. I^n boiling a solution of sugar with s 

* Cruickshank, Rollo on Diabetes, p. 
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little Ilme^ Mr Cruickshank found, that the l!me com- 
bined with the sugar, and communicated to it a very blt- 
^ ter astringent taste, though the sweetness still in some 
degree remained : by evaporation the liquid was rcduQ^d 
to a semi-transparent substance, much more tenacious than 
the thickest syrup, and having a rough bitter taste mixed 
wkh a certain*- degree of sweetness. On-::dding alkohol 
to the original solution, a precipitate in white flakes was 
formed, which appeared to be a combination of sugar 
with lime. Sulphuric acid added to the solution, preci- 
pitated the lime in the state of sulphate, and in a great 
measure restored the natural taste Lowitz had before 
observed, that sugar communicates a much greater degree 
of solubility to lime, equal parts of them being boiled to- 
gether in water. In reducing this compound to dryness 
by inspissation, a white mass was obtained extremely ac- 
rid and caustic. The solution in boiling, he found to be- 
come thick and turbid, lime being precipitated ; but as it 
cools the lime is redissolved, and it recovers its transpa- 
rency. Alkohol added to it, precipitates the lime ; the 
alkaline carbonates decompose it by forming carbonate of 
lime ; and it appears to be decomposed on exposure to 
the air, from absorption of carbonic acid, minute crystals 
being formed, and the sweetness of the sugar being at 
length restored f. 

Sugar is decomposed by the acids. Sulphuric acid 
blackens it, by causing an evolution of part of its carbon 
in the state of charcoal, while the remaining principles of 


* Rollo on Diabetes, p. 461. / 
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the sugar enter into new combinations, forming a portion 
of water, and probably of some of the vegetable acids. 
Nitric acid yields oxygen to it, and converts it into an 
afiid, which, from being abundantly formed by this oxy- 
genizement of sugar, was at one time named Saccharine 
'acid, and which Schecle demonstrated to be merely ox- 
alic acid. process consists in pour 'mg six parts of 

nitric acid on on^jjart of sugar in coarse powder, and ap- 
plying a moderate hea\ ; an effervescence takes place, and 
nitrous acid vapour is disengaged : the application of the 
heat is continued until this ceases, and in the remaining U- 
<^uid prismatic crystals soon begin to form, which consist 
of oxalic acid, and which, according to Mr Cruickshank’s 
experiments, amount to rather more than half the weight 
of the sugar. There remains an uncrystallizable liquid, 
consisting principally of malic acid. The action of oxy- 
muriatic acid on sugar, is somewhat different as to its re- 
sults. According to the observation of Vauquelin, when 
a little sugar is put into liquid oxymuriatic acid, it is con- 
verted into citric acid ; but if oxymuriatic acid gas be 
transmitted through a solution of sugar, the liquid when 
evaporated affords a residuum, presenting all the characters 
of caramel or sugar that has been imperfectly burnt 
From the chemical changes which sugar suffers from 
the preceding re-agents, it may be inferred, that it is a 
compound of carbon, hydrogen, and oxygen. Its com- 
position is however determined with still more precision, 
by its decomposition by heat. The products of its des- 
tructive distillation in^closc vessels, are an acid liquor, be- 
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ing Beetle acid diluted with water, and a little empyreuma^ 
tic oil ; carbonic acid, and carburetted hydrogen gases, are 
' disengaged in considerable quantity; and the residuum is 
charcoal. The proportion of acid is larger than that ob- 
tained from the decompositipn of gum. From one ounce 
of sugar decomposed by heat, the products in an experU 
ment made byt.Mr Cruickshank * were 

2)r, Gr. 

Acid >vith a drop or twp. of empyrjumatic oil, 4 30 

Charcoal, - - - - 2 0 

Carburetted hydrogen gas, - 119 oz. measiires. 

Carbonic acid gas, - - 41 — 

The acid, when saturated with lime, gave no indication 
of ammonia, as that from gum does ; neither did the char- 
coal contain any lime t neither nitrogen nor lime there- 
fore enters into the composition of sugar, and it is to be 
regarded as a compound merely of carbon, hydrogen, and 
oxygen. It differs from gum in the absence of nitrogen 
and lime ; and from fecula probably in the proportion of 
oxygen being larger and of carbon being less ; since in the 
process by which fecula is converted into sugar, oxygen 
is absorbed and carbonic acid evolved. The proportions 
of its principles, as determined by Lavoisier, from the 
changes it suffers in the process of fermentation, are 64 
of oxygen, 28 of carbon, and 8 of hydrogen ; but these 
were inferred from results so complicated, that they can- 
not be regarded as at all certain. 

% 

From the differences which exist in the composition of 
.gum, fecula, and sugar, we may trace, though perhaps in 

— - / 

* ^Rollo on Diabetes, p. 466. 


SUGAR. 


145 

2n imperfect manner^ their successive formation in the 
process of vegetation. The sap is composed of vegetable , 
matter, mixed with several salts which have lime for their 
basis. Mucilage or gum, which seems to be the first pro- 
duct from it by the powers of the plant, consists of car- 
ton, hydrogen, and oxygen, the general principles of ve- 
getable matt^^. combined with lime. B/ a further ela- 
boration the lim^£?f'nas to be abstracted, and the carbon, 
oxygen, and hydrogen^ alone brought into union : this 
Forms the fecula ; and this again, by a change in tlje pro- 
portions of its principles, and particularly by an addition 
of oxygen, is changed into sugar. 

A fact apparently singular was observed by some of the 
German chemists, particularly by Acharcl, in their expe- 
riments on the production of sugar so as to obtain it 
economically from different vegetables, — that the exclu- 
sion of light from the vegetable, favours greatly its pro- 
duction, so much so, that a plant, the roots or stems of 
which are sweet while the light is excluded, lose tliii 
sweetness when the light is admitted *. But it is known, 
that the exclusion of light in agrowing vegetable, always 
produces in it an accumulation of oxygen, and, according 
to the view of the subject now given, will favour rlio con- 
version of fecula into sugar. It may be added, that iit ve- 
getables the saccharine matter seems to be formed chicHy 
in the parts secluded from light, as it is most abundant iu* 
the roots, and in the sap rising from them, while there is 
not perhaps an instance of its being cliscovcretl in the 
leaves. 

; ^ ;;; 

* Nicholson’s Journal, 4to. vol. iii. p. 21-. 
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Sugar is formed however in the fruit of vegetables ; and 
t with regard to this Achard likewise mentions a fact which 
appears at first view contradictory, that the formation of 
the sugar, contrary to that in the body of the plants is 
much promoted by light; this is indeed well enough 
known with respect to the maturation of fru;.. Instead, 
hdwever, of furnishing any exception to view of the 
formation of sugar in the vegetable swem, it confirms it; 
for it is not fecula, but'an acid juice, which in the fruit is 
converted into sugar, and this conversion seems to be ef- 
fected, as we might a priori conclude, by an abstraction 
of oxygen from the acid. 

Cruickshank endeavoured to convert sugar into 
gum, by the action of substances which might partially 
abstract its oxygen. He added to a portion of syrup 
which filled an inverted jar placed over mercury, a little 
phospliuret of lime ; a considerable production of phos- 
phoric gas almost immediately took place; at the. end of 
eight days the syrup was withdrawn ; it had no sensible 
6\VL\’t taste, but rather a bitter astringent one ; when fil- 
tered, alkohol produced a copious white precipitate in 
flakes, very much resembling mucilage separated from 
water by the same substance. 

« This experiment was somewhat varied as follows ; 
a little refined sugar was dissolved in alkohol, and to this 
solution a little phosphuret of lime was added ; no phos- 
phoric gas was disengaged, nor was there any apparent 
action produced. More phosphuret being added, the mix- 
ture w'as allowe,d to remain in ik\ open phial for several 
days. The alkohol having nowf evaporated, some distil- 
led water was sdded ; but this produced no disengage- 
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ment of gas, as the phosphuret had been decomposed, 
and converted principally into phosphate of lime. The, 
mixture being filtered, and the clear liquor evaporated, 
there remained a substance extremely tenacious, and which 
had much the appearance of gum arabic ; its taste was 
bitter, wiib a very slight degree of sweetness ; when 
squeezed betv. een the teeth it had exactly flie feel of gtim, 
but more tenacto. ^ ^ It did not appear to be soluble in 
alkohol, or at least ii^ any considerable quantity ; when 
thrqwn upon a red-hot iron it burned like gum, and left 
a bulky and insipid charcoal. 

It would appear that the saccharine principle had 
been destroyed in these experiments, and converted ^into 
something resembling a gum : that this was effected by 
the abstraction of oxygen, is rendered highly probable 
from the nature of the substance employed, and the 
change which it was found to have undergone ^ for there 
are few substances which have so stroi>g a tendency to 
combine with oxygen, as the phosphuret of lime. 

Some other trials of a similar nature were made, by 
mixing solutions of sugar with the different sulphurets, 
and by agitating them with nitrous gas in close vessels. 
The sulphurets, more especially that of potash, manifest- 
ly destroyed the saccharine taste ; but on account of the 
solubility of the different products, the nature of the 
change could not be so easily and accurately ascertained. 
The action of the nitrous gas was more doubtful*.” 

A singular fact with regard to this subject, which I 
have not found taken^otice of by any fhemist, was com- 

-v- — ^ 

* Rollo on Diabetes, p. 449. 
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miinicated to me by Mr Cameron of Glasgowi— that a so* 
«lution of sugar may, by particular management, be made 
to assume the tenacity and thick consisteiice of strong 
mucilage. The experiment consists in adding If lb. of 
syrup (made with 1 part of water to 2 of sugar), to a gal- 
lon of water, in 9 stone bottle, mixing them v^ell by agi- 
tatibn, stopping the bottle closely, and placjflg it in a tem- 
perature of about 50, for three days. In this 

time it assumes a gelatinous consistence, still retaining its 
saccharine taste, but which in the course of a wec}c or 
two it gradually loses. By boiling it for some time it loses 
considerably its gelatinous form, and assumes that of 
stropg mucilage of gum Senegal. I have kept it in this 
state for a considerable time. 

It is not improbable, that in this experiment a slight 
change Is produced in the combination of the principles 
of the saccharine matter, so as to bring it to the state of 
mucilage : and a curious fact observed by Mr Cameron, 
that the experiment succeeded only with unrefined sugar, 
and not either with molasses or with refined sugar, accords 
with this ; unrefined sugar probably c(}ntaining a small 
portion of the lime employed in the process of preparing 
It, and lime being essential to the constitution of mucilage 
or gum. It has already been remarked too, that a solu- 
tion of sugar boiled with a little lime, forms a very tena- 
cious liquid. 

In the process of fermentation, saccharine matter suf- 
fers decomposition, its elements entering into new com- 
binations, whence; the formation of ardent spirit or alko- 
hol. The nature of this change ^ to be afterwards con- 
sidered. 
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Sugar is of imporfance as a substance nutritious and 
generally agreeable in taste. It exists in the greater part 
of the vegetable substances that arc used as articles oi' 
diet, and appears from some facts with regard to its use> 
to be even in its pure form highly nutritive. Even animalsy 
•when par\ially supplied with it, it has been observed in 
the West litres, become fat and vigorous as during.the 
time of thr? su^-^r harvest, though they are then kept al- 
most constantly at wei^k. By Us antiseptic power it pre- 
serves a number of substances from decay or putrefaction, 
and hence, in confectionary and in pharmacy, is used in 
the preparation of conserves, syrups, and similar compo- 
sitions. It is also used in the composition of some var- 
nishco, of ink, and of some pigments, to communicafe to 
them a ci(j;:;rce of lustre. 


Thlre arc sonic other substances of a saccharine na- 
ture, but difl’cring somewhat in their chemical properties 
ironi pure sugar, which may be noticed under this sec- 
tion. 

Manna is a secreted juice, afforded by several vege- 
tables, but obtained in largest quantity from several spe- 
cies of ash, particularly the Fraxinus ornus, which are 
cultivated in ’Sicily and Calabria for its production. It 
exudes spontaneous!;^ from the bark of the tree, but is 
obtained more copiovsly by incisions tvhich arc made ir* 
^K3 
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the stem and branches. When it flows slowly it is more 
pure : it is collected on straws or chips of wood, and forms 
Vhat is named Flake manna. When it flows more a- 
bundantly it is less pure, and forms the common manna 
of commerce. 

The purest manna is in pieces of a texture >omewhat 
granulated, having a taste that is sweet, h/c somewhat 
disagreeable. It is soluble in water ancHp^lkohol. It ap- 
pears, besides saccharine ^matter w^ich probably forms its 
basis, to contain mucilaginous and extractive matter, from 
which it derives its taste and peculiar qualities. Ancl it 
is aihrmed by Chaptal, that when its solution in water is 
boiled with lime, clarified with the white of an egg, and 
concentrated by evaporation, it affords crystals of sugar* 
He adds, that when decomposed by heat it affords water, 
acid, oil, and ammonia i its residuum of charcoal also af- 
fording alkali. 

Honey is another vegetable product, similar in many 
of its properties to sugar ; it is formed in a number of 
vegetables in considerable quantity : it is collected by 
the bee ; and many other insects feed upon it. It is 
always formed in the flower, chiefly at the base of the 
pistil, and is exposed, frequently by a complicated ar- 
rangement, to the atmospheric air : it seems designed to 
receive and retain the fecundating pollen. 

The nature of this product is not very well ascertain- 
ed. It evidently contains a large <][uantity of saccharine 
matter : with this it has been supp()sed a portion of mu- 
cilage is combinei, from which it derives its softness and 
viscosity : And probably its pecuOar taste and smell, as 
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well as other qualities which honey from particular plants 
sometimes has, are owing to a quantity of extractive mat- 
ter, or of essential oil with which it maybe impregnated.* 
It is entirely soluble in water : by the action of nitric acid 
it iS^sonverted into oxalic acid, one ounce of honey alFord- 
• ing, according to Cruickshank’s experiments, 4- drachms, 
4 grains of ^,cid, a quantity very little less jlian that afford- 
ed by pure sugv,\r. 

Lowitz, in the cou*^ of his experiments on the effect 
of charcoal in absorbing tTie^ucilaginous and extrac- 
tive matter of various substances, supposed that by its a- 
gcncy he might abstract such matter from honey, and ob-* 
tain its sugar pure. He found, that by adding a sufficient 
quantity of charcoal to honey, dissolved in water, he de- 
rived it of the smell peculiar to it, and likewise of its taste 
and colour : but on evaporating the solution, it resumed 
its colour, and did not shew any disposition to crystallize. 
On this inspissated liquid, however, being allowed to stand 
for two months, small masses formed in it of a crystalli- 
zed .’ppearance : these were obtained pure by diluiing the 
whole with aikohol, which dissolved the glutinous matter, 
and not the concrete substance : this when dried, formed 
a powder, which did not attract moisture, and which had 
a very agreeable sweet taste. 

The granulated consistence of white honey, appearing 
to arise from the concretion of its saccharine part, he en- 
deavoured to separate that part by means of .dkohol. He 
thus procured from 42 ounces of honey, U ounces of sac- 
charine matter. Tl^ih matter still appeared to contiua 
some iieterogeneous substance not soluWe in aikohol. He 
therefore boiled pure ^Ikohol on the whole of it: the 

K.^ 
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saccharine part was dissolved, while a quantity of Insolu- 
ble matter remained on the hltre, through which the 11* 
*quor had passed while hot. This liquor, after having stood 
for sohjo deposited the saccharine matter in small 
spherical masses, which accumulating at length, f'Vimed 
a crust quite firm and perfectly white. This m^ter, how-* 
ever, L unable by any process tp^crystallize, 

though its texture shewed a kind of cr^alline arrange- 
ment ; exhibiting, when ^examine^l^y the microscope, a 
kind (jf congeries of long needle-like crystrds. 

This sugar of honey, Lowitz found to differ in *the 
changes it suffers from certain re agents, from common 
sug^r, particularly from the action of the alkalis and al- 
kaline earths. If lime water be added to its watery solu- 
tion, which is perfectly limpid, a brown colour is imm^ 
diately acquired. Quicklime added to the solution while 
hot, produced a strong effervescence, and the mixture be- 
came immediately of a dark brown colour : and by con- 
tinuing to add lime, the saccharine matter was entirely 
deenrnpe sed : the mixture became black, and emitted a 
disagreeable smell. The dark^coloured solution contains 
a large quantity of lime, which is not precipitated by al- 
kalis either pure or in the state of carbonate. If preci- 
pitated by sulphuric acid, the residual liquor contains an 
eropyreumatic acid, analogous to malic acid, and conver- 
tible into oxalic by the action of nitric acid. If the so- 
lution of honey and quicklime is thickened by evapora- 
' tion, after its brown colour is renfoved by charcoal, a 
transparent matter is procured of light yellow colour, 
which resembles glam arable, but has a bitter taste. 

/ 
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The fixed alkalis produce changes on honey, and on 
the Saccharine matter procured from it, the same as those 
from the action of lime; the honey or the saccharine' 
matter is decomposci’ with elFervesceiice, and the alkaline 
taste^iid qualities, when certain proportions are observed, 
•are lost. ^ Ammonia produces similar effects, but more 
slowly, and only when its action is promoted by heat 
Cavezzuli has more lately given a process by which the 
sugar of honey is obt ained in ^^ ^ crystallized state. Its 
crystallizatioti from common honey he supposed to be 
prevented by the presence of an acid ; and the process 
therefore which he followed, was, after clarifying white 
honey, by applying a moderate heat, and removing the 
scum from its surface, to add to it egg-shells (which con- 
f jw<i,-jrrinclpally of carbonate of lime) in powder; an ef- 
fervescence took place ; the addition was continued to sa- 
turation, and the liquid set aside for some time. A thick 
scum which formed on its surface was removed, and some 
flocculi of a mucilaginous matter diffused through it, sepa- 
rated by filtration, A clear syrup was thus procured, 
free from the sliarpness of the honey. At the end of four 
months, crystals had been deposited from it in a crust at 

the bottom. This crust was of a red colour, and attrac- 

%> 

ted humidity, but the colour was removed by washing with 
alkohol, and after this operation it remained dry f. 

More lately Proust has distinguished two species of 
honey ; the one, which constitutes the common yellow 
honey, of a uniform Consistence and viscid ; the otlier, 

\ ^ 

* Journal de Physique, tom. xlH* p. 45fi. 

I Annales de C^imie, tom. xxxix. p. 110. 
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the granulated white honey, which becomes solid, and as- 
sumes the form oi small spherical masses. He has dis* 
*ting\iis,hed also tWv. species of sugar, one soft and not 
capable of crystallizing, which exists in the grape and 
other fruits, and in manna ; the other, the sugar^’f the 
sugar cane. From the white granulated honej^e has ob-* 
tamed, by the 5ct»on of alkohol, a white saccharine pow- 
der of an agreeable taste, and which he regards as differ- 
ent from common sugar, and nearhf the same with the soft 
sugar of the grape*. These differences in both cases, 
however, if they do not arise from intermixture, must* de- 
pend on very slight modifications of the same species, pro- 
duced by variable causes, and in part probably by the very 
opetations by which they are recognised, and such dis- 
tinctions do little more perhaps than load and embanra*’- ' 
the science. 

The saccharine matter formed in certain morbid states 
of the animal economy, giving rise to tlie disease named 
Diabetes, appears very similar in some of its properties to 
the sugar of honey. It suffers nearly the same change 
from lime : in the experiments made on it by Nicolas, 
when a little lime was added to its solution, and the whole 
boiled, on afterwards clarifying it with the wliite of an 
egg, the liquor was found to have assumed a reddish 
brown colour, had lost its sweetness, and become acrid ; 
and when the lime was separated from the combination, 
by the addition of an acid, the sweetness was not resto- 
[*. This is precisely similar tohhe change the sugar 

TT- H 

* Annales de«Chimie, tom. Ivii* p. 137 ^ &c. 
f Ibid, tom, xliv. p. 65. ^ 
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of honey suffers from Hme^ and is different from that 
which pure sugar undergoes. Cruickshank found, that 
the saccharine extract formed in diabetes is convertible ' 
into oxalic acid by the action of nitric acid * ; a property 
wiut^hsi^so belongs to the sugar of honey as well as to 
pure sug^. 


SECT. IV, 

GLUTEN, 

j with the fecula and saccharine matter which 

compose the principal part of the nutritive grains, there 
exists another substance, approaching more nearly in its 
characters to animal matter than any other product of the 
vegetable system. From the resemblance in its proper- 
ties to the animal principle formerly named Gluten, it 
has received the name of Vegetable Gluten. It has been 
believed likewise to exist in the juices of plants, and in 
some of their secreted products ; but it is more easily se- 
parated from the farina of the nutritive grains, and it is 
from the gluten obtained in this manner that its charac- 
ters are derived. Its existence was distinctly pointed out, 
more than seventy years ago, by Beccaria, to whom 
we are indebted for\the simple analysis of the nutritive 
grains by which it is Obtained. 

* Rollo on Diabetes, p. 429. 
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In the process of obtaining the fecula of wheats the flour 
IS made into a paste with water, and kneaded in the 
^hand, or rather in a coarse linen bag, water being pour- 
ed on it, until the fecula is carried off suspended in the 
water, and the sugar and other soluble principJiMf^ in a 
state of solution. There remains, at the end oi this pro- 
cess, a soft viscous substance, of a fibrous texture, pos- 
sessing great tenacity and elasticity. It is this which is 
denominated G!uten. J> is obt^ned in largest quantity 
from wheat ; the quantity, on an average, amounting to 
about a twelfth part of the weight of the flour of that 
grain; or taking into account the weight of the water with 
which it combines in its extraction, it varies, according 
to Beccaria, from a third to a fifth of the weight of the 
flour. It is contained in much smaller quantity ii;- th „ ’ 
other nutritive grains^ and can, indeed, be scarcely ex- 
tracted from any of them. Beccaria, however, found 
traces of it in maize ; and Fourcroy and Vauquelin, in 
their experiments on the different nutritive grains, have 
found, that a principle possessing the characters of ani- 
mal matter, and therefore probably gluten, exists in bar- 
ley, garden beans, and lupines. It cannot be discovered 
in rice ; nor are there any traces of it in the potatoe, or 
other nutritive roots. 

Gluten has also been supposed to be contained in the 
expressed juices of a number of plants, Rouelle had ob- 
served, that, in subjecting to pressure the fresh leaves of 
a number of vegetables, it depositec^^, on standing, a mat- 
ter which, from its colour, he nam^ Green Fecula ; and 
in this substance ht discovered the existence of a princi- 
ple whlph be considered as anak^gous to the gluten of 
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wheat. Fourcroy supposed this principle to be diflercnt 
from gluten, and to approach in its nature to the animal 
principle denominated Albumen, whence he named it Ve- 
gej^le Albumen. We shall find reason, however, to 
concl5i&s».^ that the original opinion of RoueJIe is probab- 
ly more just, and that this principle may rather be regard- 
ed as a variety of gluten. • * 

The gluten obtained in the analysis of wheat flour, 
above described, is a so^-i44yU ^ft viscous substance, ex- 
tremely tenacious, so that it can be drawn out to a great 
length, and moulded into any form ; It is also highly c- 
lastic, so that when drawn to a great extent, it quickly 
resumes, when left to itself, its former volume : its tex- 
ture is distinctly fibrous, or it appears to be composed of 
'dSfc^ls. It has scarcely any taste, and a faint odour : its 
colour is greyish, and, when dried, it is semi-transparent, 
having then some resemblance to glue in its appearance. 
In its soft state it is extremely adhesive to the touch, and 
has, from this property, even been used as the basis of ce- 
ment, for uniting fragments of porcelain or glass. 

When exposed to the atmosphere, gluten remains for 
some time soft, acquiring a darker colour. If exposed to 
a dry and rather warm atmosphere, it dries slowly, loses 
its ductility and elasticity, and sufi’ers no farther change. 
This induration of it is still more complete, when a mo- 
derate heat is slowly applied to it ; it may then be render- 
ed hard and brittle.% But in a humid atmosphere, soft 
gluten retains its soft less, and soon passes into a state of 
putrefaction, swelling up, and acquiring an offensive 
odour,— changes which are accompanied with a forma- 
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tion of ammoniai acetic acid^ and an oily matter If it 
has not been entirely deprived of the fecula of the wheatf 
this, according to Macquer’s observations, suffers the ace-> 
tous fermentation ; and the redaction of this small popjon 
of acid, with the slow action of the air and wa^cTf^ con- 
verts the gluten into a substance, which, as Rouelle re- 
marked, has very near resemblance to cheese, and 
which, by the addition of salt, may be preserved in that 
state f. It then contain»s2jptar»^^ and acetic acid. 

When kept immersed under water, it does not imme- 
diately putrefy ; a formation of acetous acid takes place, 
and, at the same time, ammonia is formed, which com- 
bines with this acid, though not in quantity sufficient to 
saturate it. This evolution of acetic acid appears, as 
Vauquelin has remarked, to check the progress' of 'Sie 
putrefaction ; and, by its action, a portion even of the re- 
maining gluten is dissolved by the water %• In this state 
of solution, it gradually putrefies, separating in mucous 
pellicles. 

The portion of gluten that remains undissolvcd, after 
this kind of fermentation which it has suffered, if immer- 
sed anew in water, begins again to ferment, disengages car- 
bonic acid, becomes of a purple colour, and emits a foetid 
odour, similar to that from putrid animal membrane. After 
three months of this slow putrefaction, it has acquired a 
brown colour, exhales only a faint smell, is much diminish- 
ed in volume and quantity : when ji’ied, it formed small 

^ 

I 

♦ Annales^de Chimie, tom. xxxvm. p. 259. 

-j- Fourcroy's System, vol. vh. p. 417* 

X Annalcs de Chimie, to^'xxxviii. p. 259. 
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masses, which softened under the finger like wax, melted 

and burnt with flame, and was soluble in alkohol, which it 

• 

coloured brown ; a portion which remained undissolvcd 
higing in the state of a powder^ inodorous^ insipid, and very 
simif&»' to charcoal powder, but burning with an acrid 
* odour, and affording ashes, in which iron and siiex were 
discovered. In this series of changes, « portion o&the 
nitrogen and hydrogen of the gluten have united to form 
ammonia ; part of its formed, with oxygen, 

carbonic acid ; another portion of carbon, with hydrogen, 
has formed the uiictur»us matter ; and the remaining ele- 
ments have fornietl the residuum 

It is doubtful if gluten is soluble in pure water. When 
water is allowed to remain over it for some time, its tran- 
'V^^'c/cncy is impaired, and a mucous matter appears to be 
dissolved, or rather suspended in it : by filtration, it may 
be rendered limpid : when heated, a glutinous matter se- 
parates in flocculi ; and a precipitate is thrown dowr* by 
oxymuriatic acid, and by tanin. Hence Fcnircroy has 
concluded, that gluten is soluble in water f . But it is not 
clear, that these phenomena depend on the presence of 
pure gluten in a state of solution ; and it is probable, they 
are connected with the clianges in composition which the 
gluten itself has sutfered, and probably with the produc- 
tion of acetous acid, from its partial decomposition. 
When water is boiled on gluten, it contracts, becomes 
more solid, and los^ its tenacity and ductility. 

^ i i 

* Annales du Museum d’tlistoii'e Nattirelle, tom. vii. pi -t. 
t Ibid, p, 3. 
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. G1|l^ is likewise Insolable in alkohol : alkohol even 
jprecipitates the small portion of it which exists in water 
in a state of solution, when the water has been macerated 
on it. If gluten^ however, which has-been kept for sofoe 
time under water, so as to have passed into the;^^fer« 
mentation, be triturated with a portion of alkohol, it is 
partially dissolved, and a liquid of a thick consis- 
tence formed. If more alkohol be added to this, part 
of the gluten is precipitat^^jul^^ portion still remains 
in solution, and by filtration a transparent liquid is ob- 
Uiined. This is decomposed by water, gluten being pre- 
;.cipitated. By evaporation of the spirituous solution, the 
gluten is obtained dry, brittle, and shining. Cadet, by 
whom these experiments were made, has remarked, that 
the thick solution of fermented gluteif^n alkohol ftfrift's 
an excellent varnish, as it is transparent, adheres strongly, 
has a degree of elasticity, and does not scale ofF. A simi- 
lar varnish is obtained by dissolving the gluten in acetous 
acid j but that formed by alkohol is preferable. This 
latter solution also forms a cement for porcelain, and 
as excellent basis of paints 

Gluten is dissolved by alkaline solutions, w^hen their ac- 
tion is promoted by a moderate heat. On the addition of 
an acid to the solution, the glutinous matter is precipitat- 
ed, but so far changed as to be no longer elastic. In a 
concentrated state, they still more evidently decompose h, 
form a kind of soap, while there i^ at the same time a 
production of ammonia. 

* Philosophical Magazine, vol, xiii. p. 9. 
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The changes produced in gluten by the acids am differ- 
ent according to the nature of the acid^ and its concentra-, 
tionq}: dilution. Some of the weaker acids> as theacetic^ 
di^olve it, though hot without some change, during 
the soI'Jtion, a portion of ammonia is generally formed ; 
^nd when the acid is neutralized by an alkali, the gluten 
is precipitated with the loss of its ductihty : Fourcroy 
has alFirmed, however, that it is precipitated with its 
I properties un filtered *. , Whc'" it has undergone the 

slight fermentation which it suffers when kept under 

■ 

water, it is still more soluble in acetic acid •, and a por- 
tion of it appears from Vauquelin^s experiments, to exist 
dissolved in the sour liquor obtained in the preparation 
of starch from wheat, probably by the medium of the 
IS acid, and in consequence of tliis sli^^ht change 1- 
Hence, us he has observed, the necessity, in the prepara- 
tion of starch from wheat, to allow the liquor above the 
fccula to run into the acetous fej me»itation, and in its 
acid state to remain over it for some time i the acetous 
acid dissolving tlie portion of gluten which still adheres 
to it, and thus rendering the starch more pure, of a 
whiter and more brilliant colour, and more loose and dry ; 
while in the preparation of starch from the potatoc, or 
from other roots or grains which do not contain gluten, 
this is not requisite. 

Sulphuric acid in its concentrated state blackens gluten^ 
and causes a iormati^ of acetic acid and of ammonia, 
with an evolution of c |rburettcd hydrogen. Nitric acid 

^ Annalcs dii Museum d’Histoirc Naturellcf, tom. vli, p- 4. 

}• Annalcs dc Chimie, tom ^xxxviii. p, 251>#^261. 
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both it nitrogen gas, and gives rise to the pro- 
^^uctlcm4f a pottion of oxalic and malic acids. Muriatic 
acta pn itverji; slowly, and in a manner somewhat si« 
milar to diE ijUfetic* Oxymuriatlc acid softens gluten, 
and pbanges it into a yellowish ilocculent matter. It also 
preqi|)itatcs itlrom>any combinations in which it is in a' 
ptate of soludoti, and thus affords a test by which its pre^ 
^eenco may be recognised. 

This, like the other immedj^taprmciplps of vegetables, 
is decomposed by heat but the products from its decom- 
position are peculiar, and are the same as tliose of animal 
i»IXiatter.‘ When exposed to a moderate heat, it swells con- 
iiderably. If placed on burning fuel, it becomes quite 
soft or semi-fluid, and burns with a foetid odour. If sub- 


jected to destructive distillation in a retort, it affords car^ 
bonate of ammonia partly concrete, partly in solution in 
water, a large quantity of a thick cmpyreumatic oil, and a 
little prussic acid : there is disengaged also carburetted hy* 
dfpgen gas \ and the remaining charcoal, which is in con-* 
siderable quantity^, is of difficult incineration. From the 
production of ammonia,' it is obvious that nitrogen enters 
into the composition of gluten : fiom the large portion of 
oil which it likewise affords, it must contain much hydro- 
gen, while none of the products indicate the presence of 
* oxygptt in any considerable proportion. Phosphorus also 
appears to exist in its composition. Yauqueiin found, 


that the liquor formed in tlie preparation of starch from 
wheat, contained a portion of ph(|sphoric acid in coirbi- 

P [| with lime^ probably derived from the gluten of the 
t; and the 'phosphate of lime found by the same 
to exist, in the ashes o^Wheat-ilour, has probably 
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the same origin. In its analysis, tber^fof^^'gluteit j^sents 
all the characters of animal matter, as it dc^s ^1^ in be«> , 
in^ liable to putrefaction, and ill affording mtipgea from 
t}je action of nitric acid. ; 

Gluten appears to haye the property of promotiiig fer- 
mentation ; and the action of yeast in Exciting this pro- 
cess, has been supposed to depend on tfie gluten it con- 
tains. Vauquelin has remarked, that the water in ixrhicli 
gluten has been macerated for some time, converts sugar 
into excellent vinegar without effervescence, and without 
the contact of the air 

From the nature of this principle, it must contribute 
much to the nutritious quality of the grains in which it 
exists, as containing all the principles which are required 
for animal nutrition : hence the superiority of wheat, 
which contains it in so large a proportion, to the other 
nutritive grains. It is on the presence of this principle 
too, that the superior quality of bread from wheat, com- 
pared with that from the other grains or. roots depends, 
as Beccaria remarked. The flour of these forms with wa- 
ter a solid friable paste ; while the flour of wheat forms a 
paste that is ductile and elastic, in consequence of the de- 
velopement of its glutinous part, this gluten forming the 
body of the paste tlirough which the fecula and saccha- - 
fine matter arc diffused \ and when the slight fermenta- 
tion which it suffei*^ probably from changes id the sac- 
charine matter^ favoured by the presence of the gluten, 
takes place, this past*} is rendered spongy and ponahs^ 
from the disengagement of the carbonic acid gas from did 

♦ Annales du Museum d'flistoire Natinrfle, tom. vii. p. 4.^ 
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lernwri^ve pitk^esS) while it still retains in some mea- 
sure its'elasticity and hence the lightness and porosity 
of well4)aked wheaten bread. Bread possessing tliese qna- 
litlAi cannot be prepared froip the farina of oats» bar 
rye, Or rice, or from that of any pf the nutritive loots, as 
in all these the quantity of gluten is -very inconsl<lerable, * 
audio some of Aiem no trace of it can be discovered. 


It has been long known» that the expressed juices of a 
number of plants, as scurvy grass, cresses, and others of 
the cruciform kind, contain a principle which is analogous 
in its properties to animal matter, which like it is liable 
to putrefaction, and evolves ammonia during its decompo- 
sition. Rouelle, I have already remarked, regarded this 
principle as a variety of vegetable gluten, and he suppo- 
sed it to form the basis of the green fecula which is con- 
tained in the expressed juices of a number of plants. 
Fourcroy, a number of years afterwards, finding that this 
principle exists in solution in these juices ^ that it is se« 
parated by coagulation by heat ; that it is also coagulated 
by ahids, while it is dissolved by alkalis, — properties in 
which it approaches to the proximate principle of animal 
matter, denominated Albumcny-^considered it as different 
from gluten, and gave it the name of;^egctabIe Albumen*'. 
Proust has more lately called in ^aestion the opinion of 
Fourcroy, and revived that of Rouelle : and the question 


^ Anaales de Chknie^tom. iil p. 252. 
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as to the nature of this principle^ is involved m nomt ufi- 
certainty. It grants some of the physical characters of 
glutcn» but this may be owing to the fonriyifl which it is 
obUined ; it approaches to it in several of its chemical 
characters : on the otlier hand^ it ha^ unquesllionably 
some points of resemblance with animal albumen^ and 
there is, therefore, a difficulty in deciding whether h can 
be regarded as perfectly identical with the gluten of heat. 
It ib so nearly so, hoMt ever, that its history may be con- 
sidered under this section. 

If scurvy grass, cabbage, cresses, or horse-radish, in 
flieir recent ttate, be subjected to pressure^ the juice that 

1 i obtained is somewhat turbid but, on raising its tem- 

§ 

perature to between 170^ and 212% small flocculi are 
farmed, which ate diffused through the liquid, or subside 
Iroin it, I «tic easily scpaiated by filtration. It is this 
matter which Fourcroy considers as vegetable albumeni 
or which, with Roucllc aud Pioiist, we may regard as 
.inalogv)us to gluten. 

In it^ sopii ition, part of the green colouring matter of 
the plants in a state somewhat similar to fecula, and some- 
times of a resinous nature, adheres to it*, but Fourcroy 
uiccceded in separating this, by the following process ? 
The juice of young cresses being pabsed through a paper 
nitre, left the grosser fecula suspended m it on the liltre : 
the filtered liquid, though limpid, was of a green colour *, 
but after cxposwfe ^*0 the air for two hours, it became 
turbid, and, on bcingj filtered again, became limpid, leav- 
ing a quantity of green fecula on thq filtre. On now 
plunging the vessel containing it into! a bath of boiling 
water, in a few minutes it became turlfid, and a whitislt 
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ccag^ated matter separated from it. Another portion oi 
the juice^ left exposed to the air for two days, deposited 
similar fldcculi i and they were also separated by the ad- 
dition of sulphuric acid | 

T Thii concrete matter was found by |'ourcroy to bj in- 
soluble in water, even when boiling i it gave a green tinge 
to paper coloui<ed with mallow flowers ; the alkalis dis- 
solved it rf».Adlly : macpratod in water, it swelled, became 
soft, exhaled a foetkd ammoniacal odour, .aul pissed to a 
state of putrefaction : exposed to a dry and warm atmo- 
sphere, after having been pressed betv»een bibulous paper, 
it acquired a degree of ductility and transpaToucy similar 
to that of glue : subjected to dcbtructive dibUllation, it af- 
forded a large portion of ammonia. 

These characters arc equivocal, if regarded as «'crving 
to determine that this is a principle distinct from gluten, 
and analogous to animal albumen. 

The most characteristic property of this last substance 
is its being coagulated by heat, separating from the liquid 
in which it is dissolved, and assuming a flocculcnt form. 
So far this principle contained in these vegetable juices 
resembles albumen. But in the history of gluten it has 
appeared, that, by the medium of certain re-agents, of a 
very small quantity, for example, of acetous acid, it may 
exist m solution in water ; and that, when this liquor is 
heated, the'" gluten separates in flakes. Proust has re- 
marked, too, that the coagulation o!^ih^<; matter from the 
vegetable juices takes place at 14^9® of Fahrenheit, while 
docs not at that temperature experience the 

-i' 

♦ Annjles de Chimie, tom. iii. p. 257. 
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slightest change. He has farther foun<i» that when the 
vegetable juice is largely diluted with water^ as with 20 
part*;, the peculiar matter still separates from it coagu- 
latLn, when the temperature is raised ; while animal al- 
bunrcn, equally djjuted, does not coagulate when heatedf 
* the liquid becoming opalescent ; and no llocculi separate^ 
^'ven when the liquor is boiled • 

This vegetable principle is coagulated by acids,— a pro- 
perty in which it resembles albumen* But the gluten of 
vrgct.ibk-s is also precipitated by some of the acids. Al- 
koliol throws down*the vegetable albumen, as it has been 
n/un''d, in the state of an opaque whitish powder j while 
it precipitates animal albumen in light llocculi. 

'J xiis principle is dissolved by alkalis. But the gluten 
of \ogetablos Is also dissolved by the alkalis: this latter 
pslnof !o docs not, indeed, appear to be so easily solublo 
as the other ; but this di {Terence may arise from the state 
of agg’'egation, or from some very slight modification of 
compo'/ition. 

Tlic other characters enumerated by Fourcroy, as serv- 
' ing to connect this substance with albumen, arc less ap- 
propriate. Insolubility in water, being liable to putrefac- 
lion, and evolving ammonia, either when suffering this 
(bange, or when dcvomposcd by heat, arc all characters 
belonging lo vegetable gluten, as well as to animal albu- 
nen. 

One propertyyu'£^*^^noJ to it by this chemist, which is 
peculiar to allJumen, ,is changing some of the vegetable 
colours, as that of mallows, to a green* But according to 


* Philosophical Magazine, vol. xpi. p. S3, 
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Proustj when it i$ washed it does not produci* this change^ 
and the juices in which it is contained have no such pro- 
perty; some of them even, as the juice of cabbage or 
hemlock, render litmus red. When the vegetable pri/ici- 
ple docs possess this property, tlierei^Tc, it is projabJy 
owing to the evolution of ammonia* 

Broust has pointed out other properties in which this 
principle differs from albumen, such as that of being pre- 
cipitated by a number of neutral salts, which do not ren- 
der albumen turbid ; and being much more liable to 
spontaneous decomposition than albuaicn. The quest! jii, 
however, is not so much, whether this principle is per- 
fectly the same with albumen, as whether it is essentially 
different from the gluten of wheat ; and the proceeding 
facts appear to prove, that the differonccj between them 
are net considerable, and not sulRcicnt to chaiact.nize 
them as distinct principles. 

One circumstance which confirms this, and sticngth- 
ens the suspicion, that this matter, separable by coagul i- 
tion from a number of the vegetable juices, is merely ve- 
getable gluten somewhat disguised by the state in which 
it exists, is, that it exias in the water employed In pre- 
paring the fccula or st«irch from wheat flour, and is sepa- 
rated from it by coagulation by heat, as Fourcroy has r^'- 
inarked, in the same manner as from the expressed juices. 
It is rather more probable, that a porti'ai of the gluten 
known to exist in this flour shall solution, and be 
the substance separated in this manner, than tliat it shall 
be a distinct principle, especially as it is proved, that t!i/ 
solubility of gluteA is promoted by the action of acetic 
acidj^ and that tbt/acid is contained in the water employ- 
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ed in the preparation of starch* Proust has accordingly 
observed> that this matter suffers changes like glute^:^ 
kept in a humid state, it forms aLCtic acid and amiupnia, 
and\like gluten, acquires the odour and taste of cheese; 
and i“ourcroy has^even observed, in his late researche* 
with Vaiiquclin on the analysis of the farina of wheat, 
that it is .uiaIog''Uh to gluten • 

It u to he (ibocrved, too, that there must be considera- 
!de difliLiilty m obtaining this principle,^ so as to have all 
rlie physical qinhties of gluten by any other process than 
»hat by uliich wo obtain the gluten of wheat. Fourcrojr 
Ji.'uscll has ju rly observed, that if a different process be 
foiloMivd wiili regard to this very substance,— if, instead 
cf bciiig n u!e into a paste and kneaded with water, it be 
ditiii ed n (»nre in a large quantity'<)f water, the separa- 
ttoii of th.* fccula no longer propcily takes place, and the 
gluten i) no lung^ r obtained. It then probably exists in 
the water in prcci ely the same state as in the vegetable 
juices, and may perhaps be capable of being separated 
by a process similar to that which is applied to them* 
According to Proust, tlie principle now described ex- 
ists in a gu at number of plants. It is found in the ex- 
priwsed juice of borage, cider, and buckthorn; also, in 
giapcs, quinces, apples, and other fruits ; and in the acorn, 
chesnut, horse- chesnut, rice, barley, rye, pease, and beans 
of all kinds *1 . 

^ ^ — 

♦ Annalos du Museum d'Histoirc Naturelle, tom, vii. p, 3. 

f Philosophical Magazine, vol, xvii. p« SJi* . • 
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SECT. V. 

ALBUMEN. 

Though tlio principle which has hitherto received the 
name of Vegetable Albumen appears to be merely a va- 
riety of gluten, there is reason to admit the existence of 
a vegetable product, to which that name may be with 
propriety applied, as, in the greater number of its proper- 
ties, it has a strict resemblance to animal albumen. It ex- 
ists in the juice of a plant, a native of the Isle of France, 
the^Carica papaya, and has been made the subject of ex- 
periment by Vauquelin *, and by Cadet f , Of all the 
products of the vegetable system, it is the one which ap- 
proaches most nearly to animal matter •, and it might in- 
deed betfs%arded as a variety of it, if its origin were not 
known. 

The juice which contains this principle issues from the 
tree white as milk : in a few minutes it coagulates *, floe- 
cuU of a white naatter like cheeSe separate, and swim in 
the liquid part^ which, after the coagulation, is transpar- 
ent. The juice is diffused through all the parts of the 
tree, but is most abundant in the fruit while unripe. 

The experiments of Vauquelin were made upon this 
substance in three states : 1st, In tbkV^id state to which 
it had been reduced by exposure to the sun ; 2d]y, In its 

. [ I ' ■ Tiri Ij-V 'ir . r - . I 1 ■■ - - - 
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' ^ Annales de CMmia, tom. xlui. p. 267. i tom. xlix. p. 295. 
Ibid* tom* xli^. p« 250. 
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natural state, it having been preserved in bottles well 
closed ; and, Sdly, In the state of the natural juice, mix- 
ed with sugar to preserve it without alteratipn. 

ijjie juice inspissarted by exposure to the sun, is of a 
yello\^}iish w^hite colour; some parts of it are even of .a 
pure white and semi-transparent. It is brittle and easily 
reduced to powder when it is very dry; ifc melts easily in 
the mouth, impressing a singular taste, and exciting a co- 
pious discharge of saliva. It attracts humidity from the 
^ *';ir, and changes into a viscid paste. It is dissolved readi- 
ly by cold water, and still more quickly and abundantly 
by warm water ; a small quantity of a white matter only 
being left unilissolved, which has an unctuous appearance^ 
wliicli melts easily, and diffuses an odour similar to that 
of cmpyreumatic fat. Its concentrated solution bccomea 
turbid and coagulates on ebullition ; but the whole of the 
dissolved matter does not separate, as a portion is after- 
wards precipitated by other re-agcilts. Alkohdl»«idded in 
large quantity to the watery solution of the juice, precU 
pitates it completely, and without occasioning in it any 
alteration. Sulphuric, nitric, and muriatic acids, coagu- 
late it abundantly ; and a precipitation is even occasioned 
by a number of metallic solutipnS) as those of quicksilver, 
silver, and lead. Exposed on burning fuel, it burns, de^ 
crepitating slightly, and diffusing a very foetid ammonia- 
cal odour, as animal substances do. Subjected to des- 
tructive distillati(^*i it gives much carbonate of ammonia ; 
a thick black oil, tb€^, greater part , of , which falls to the 
)iottom of a brown liquiii, which is pr^diiced at the same 
time ; carbonic acid^ and catburett^d hirdrogen gases are 
disengaged, and there remains a charct^I light, difficult 
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to burn, and which leaves as ashes, a little eartliy matter 
consisting of lime, and phosphate of lime. Distilled with 
weak nitric acid, it gives a large quantity of aerial fluid, 
consisting of carbonic acid, and nitrogen : and in dissolv- 
ing in the acid, it communicates to it a yellow coldur and 
a very bitter taste, ^fhere is also formed a large quanti- 
ty of prussic acid, and oxalic acid. Lastly, it is liable to 
putrefaction ; its watery solution decomposes when kept, 
and acquires a foetid odour, as animal matter docs. ^ 
With regard to the liquid juice, on opening the bottle ' 
In which it was preserved,. an elastic fluid was disengaged 
with such violence, as to throw part of the liquid to a 
distance : this gas was ascertained, both by Cadet and 
Vauquelin, to be carbonic acid, produced no doubt by the 
dccom|)osition of some principle contained in the juice, 
Masses of a white matter similar to cheese, floated in the 
liquor: these in drying, assumed the semi-transparence of 
horn : tlW dried matter softened when heated, and exhal- 
ed a white vapour, with an odour similar to burnt unctu- 
matter: it dissolved abundantly in warm alkohol, 
from which it, in part separated again in cooling. This 
matter, evidently sebaceous, appeared to Vauquelin to 
have originated in the decomposition of the juice itself. 

The liquid part contained a principle which had pro- 
perties similar to those of the Inspissated juice, with a por- 
of acetic, not imdic add as Cadet had announced, 
c^ginating probably ftom decGmpbsi!^^ as there is no 
s^s%rle acidity in dye infptstxled jV^ce- Its odotir wa$ 
^d very a taste at once actdi 

bitter, and aatrintent/ When rendered limpid by flltra- 
lkm> it had stilf the same ^te and smell* The acids 
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coagulated it into a mass Very tluck> which had a great re- 
semblance to the white of an egg, or to dried albumen. ^ 
The action of oxymuriatic acid was rather peculiar : when 
adde.,1 in small quantity, it gave a rose colour 5 in a larger 
quantity a violet ; and in a still larger quantity, it entirely * 
destroyed the colour : and as these phenomena did not ap- 
pear when this acid was added to the inspissated juice,it fol- 
lows, that some change must have taken place during the 
inspissation, subversive of the property of forming these 
^ colours. Pure potassa formed, when added to the filter- 
ed liquid juice, a precipitate of a white colour, and at tlie 
same time caused the exhalation of a strong ammoniacat 
odour. The liquid wlien filtered after this, still assumed 
a violet colour, from the addition of oxymuriatic add. 
Alkohol added to the juice evaporated until it had ac- 
quired the consistence of a syrup, produced a very ;%un- 
dant precipitate. The infusion of galls formed also a pre<* 
cipitate in large quantity. ’ H'; , 

The juice tlwt had been preserved with the addition of 
sugar, liad not sufiered any particular change ; for when 
the sugar was separated by alkohol, it presemed the same 
propenies as the concrete natural juice. 

Vauquelin also examined a quantity which had been 
preserved by mixture with rum, but it appears to have 
undergone a greater change in its properties. 

Vauquelin observes, that from these 'experiments the^r 
can be no doubt /that the juice of this tree is compost^ 
{principally of a matter which has all the characters of am- 
i»al substances. It is not perfectly die same with any 
known vegetable principle, but It approaches most, he 
adds, to albumen } since, when dry, it mssolves like it in 
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wa^ : the solution too, like that of albumen, is coagii- 
lated by heat, By acids, alkalis, metallic solutions, infu- 
sion of g^Us, sind dkohol ; anef, lastly, it ailbrds by de- 
composition by heat, or by the action of nitric acicM ab- 
solutely the same products that animal substanevs the 
most completely characterized do. It may, therefore, pro- 
perly receive the name of Vegetable Albumen. We can- 
not, continues Vauquelin, regard without interest a sub- 
stance produced by a vegetable, presenting all the charac- ^ 

j 

terS'of animal matter ; and wc perceive from this exam- 
ple, that nature has given to certain* species of plants, the 
|iowerof forming combinations similar to those produced 
in the animal machine, — a fact indeed established, though 
undoubtedly in a less striking manner, by the production 
of gluten in the vegetable system. 


SECT- VJ. 

GELATIN OR JELLY. 

The juice oT certain fruits, as the currant, when ex- 
pressed, if not too watery, concrete into a kind of tremu- 
loxis jelly. There is none the known principles of 
‘vegetables to which this property can well be assigned : 
it is one, too, extremely characteristic, until the sub- 
ject be farther investigated, it is necessary to consider it 
as distinctive of ^ peculiar principle, to which the name 
of Gelatin or leHy may be given. There is an animal 
principle which K^s receired the name of gelatin, which 
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bas likewise the property of forming, with a certain pro« 
portion of water, a tremulous jelly, but, except in this ^ 
particular, vegetable jelly appears to have no similarity 
to it nor docs it even appear to approach to animal mat- 
ter in^its chemical characters or composition : it is not 
Sable to putrefaction, but suffers that slow decomposition 
which vegetable matter in a humid state ^usually under- 
goes. 

Scarcely any observations have been made on this prin- 
ciple, c\cept what has been incidentally stated by Vauque- 
lin in the course of^his analyses of different vegetable 
substances, particularly in a memoir on tlie analysis of 
the fruit of the Tamarind and in another on the analy- 
sis of tli ' pulp of the Cassia fistula f, in both of which it 
is contained. 

It is soluble only in small quantity in cold water, even 
with agitation, but boiling water dissolves It abundantly, 
and the solution form^ a jelly when it cools. It is nc- 
cessaiy, however, to obtain the gelatinous consistence, 
tliat there should be a certain proportion between the ge- 
latinous matter and the w^ter ; and if boiled a long time 
with water, it loses the property of forming a jelly. Hence 
the reason, as Vauquelin has remarked, that in the prepa- 
ration of the vegetable jellies which are formed by boil- 
ing slightly the juices of certain fruits with sugar, it often 
happens, that if tlie proportion of sugar is not sufficientl|' 
large to absorb the water of the juice, or form with it t 
syrup, and if, in consequence, it is necessary to boil the tU 


* Annales de Chimie, tom. v. p» 101. 
f Ibid. tom. v 2 « p» 2B2. 
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quor to dissipate part of the wzter, it does not concrete 
^into a jelly on cqoling, and the property may even be en- 
tirely destroyed. 

Jelly may be obtained in a solid form by drying, lliat 
from the pulp of the tamarind, Vauquelin fou/id ^co be 
transparent. 

This piinclpie, at least that variety of it obtained from 
the pulp of cassia, unites easily with alkalis : nitric acid, 
in affording to it oxygen, causes it to pass Into oxalic a- 
cid, without disengaging from it any sensible proportion 
of nitrogen. When subjected to destructive distillation 
along with the elastic fluids usually obtained from the 
decomposition of vegetable substances, it affords much 
pyromucous, or cmpyreumatic acetic acid, very little oil, 
and almost no ammonia. When burnt, its ashes, which 
are in very small proportion, contain a little carbonate of 
potassa, carbon;ite of lime, argil, and oxide of iron. 

Fourcroy has supposed that this gelatinous matter Is a 
combination of mucilage and vegetable acid j — an opinion 
that is vague, and liable to the objection tliat v e do not 
perceive how the addition of the acid could so far modi- 
fy the properties of mucilage, nor have we any proof that 
it could produce such an effect. 


SEGUXKhad supposed, that a prliiciple^till more strict- 
ly analejgoais to aniinal gelatin exists in some vegetables, 
particularly in Fqiuvililn hark, its presence being recogni- 
sed» as he supposed^ by a character peculiar to animal ge- 
laib, that of forming an ioi^luble magma or precipitate 
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with infusion of taniri. In this principle he even sup- 
posed that the febrifuge power of this bark resided, ami, 
with much confidence recommended animai glue as a 
cubjititutc \ On this subject some experiments were 
madc'kby Dr Diinciin junior^ He found, that a principle 
does exist in Peruvian baik, which combines with taniti, 
anil forms a compound sparingly soluble ^n water. 45ut 
this piinciple is in no other property analogous to gela- 
tin- Its solution has no tendency to assume a gelatinous 
consistence ; and it is not precipitated as anitnal gelatin 
35, by carbonate of pnfassa. It is also soluble in alkoliol, 
wliilc gedatiii is precipitated by alkohol from its watery so- 
lution. And it docs not even separate from a watery solu- 
tion of tanin, all that is precipitablc by a solution of gela- 
tin. XTntil the characters of this principle are more fully 
determined, Dr Duncan has proposed to distinguish it by 
the name of Cinchonin f . 


SECT. VIE 

C A O U r C H O U C- 

Caoutchcuc, or, as it is usually though improperly 
named, Elastic Gum, is a vegetable matter, which in se- 
veral of its physical qualities, as well as in its chemical 
relations, has some similarity to vegetable gluten, and 
wliich so far agrees both with it and albumen, as to ap- 
proach in the nature of its composition to animal matter, 

^ Nicholson’s Journal, vol. vi. p. lS(i. + Ibid. p. 
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It in some measure connects also the preceding princU 
pics with those which are to follow, and I therefore place 
it in this part of the arrangement. 

The substance to which the name of Caoutchouc or E- 
lastic Gum has been more particularly given, was bnmight 
from Spanish America, in the form of hollow spheres or' 
bottles, in which state it is still imported into Europe ; it 
was evident, tlierefore, that it had undergone some artifi- 
cial preparation. Condamine gave the information, that it 
is the inspissated juice of a tree belonging to the family of 
the Euphorbia, which has since received the botanical name 
of Haevea guianensis, or Hxvca caoutchouc. Incisions are 
made in the bark of this tree ; a milky juice exudes, whicli 
is collected. It is applied, in successive coatings, over a 
mold of clay ; is dried by exposure to the sun, and aftcr- 
terwards, by being, placed in the smoke from burning fuel ; 
when dry, the clay mold is crushed, and the fragments ex- 
tracted, and in this manner the spherical bottles are form- 
ed. 

It has since been discovered, that caoutchouc is not ex- 
clusively the produce of this vegetable, but that it is fur- 
nished likewise by other plants, cither perfectly the same, 
or with very slight variations of properties. It is obtain- 
ed in large quantity from the Jatropha elastica, a native 
likewise of different provinces of South America. Dr 
Roxburgh has described anotlicr vegetable, a native of 
India, the Urccola elastica, which affords a juice, wliich 
when tlvickened has all the properties of the American 
caoutchouc ; and he has farther observed, that there are 
many other trees, natives of the torrid zone, that yield a 
milky juice, possessing qualities nearly of the same i>a- 
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ture ; as Artocarpus integrjfolia, Ficus Indica^ Ficus rell« 
giosus, Hipponiaiic biglandulosa, Cecropia peltara, &c 
Fourcroy procured specimens of the juice of the ca* 
outchouc in the state in which it exists previous to its in- 
spibs.’tfioii, fioni the h land of Bourbon, from Cayenne, and 
i>JieJBrazi]&, and examined its properties. Each of these 
contained a white turbid liquor, of an unsupportable foetid 
smell i in the midst of which was a w^hite concrete mat- 
ter, rather spongy ut its surface, very clastic, of a soft, fine, 
and close texture. ' These concretions had the form of the 
bottles that containeil them, but were less in size : they 
had been deposited by time, and without evaporation, for 
the bottles were well closed, and had lost nothing. The 

ft 

juice, when exposed to the air, became veryspeedily cover- 
ed with a crust of elastic gum. In a vessel filled with oxy- 
gen gas, the liquid afTorded an clastic pellicle more speed- 
ily, and a very sensible absorption of gas took place, Al- 
kohol separated flakes, and oxymuriatic acid immediately 
formed an elastic precipitate. From these experiments 
he concluded, that caoutchouc exists ready formed in the 
juice of tlie tree, and is capable of being separated in the 
concrete form ; but that a portion also exists not suffi- 
eiently perfect to be deposited with its elastic property ; 
that it acquires this, together with its inspissation, from 
the action of oxygen ; and that by this operation, expo- 
sure to the atmosphere influences the concretion of ca- 
cutcliouc in the usual process in which it is brought to 
the solid form f . Dr Roxburgh has likewise observed, that 

• Nicholson’s Journal, 4to, vol. fii. p. 435* 
f r Annalcs dc Chimie, tom. xi. p. 223. 

^ Chemical bystem, vol. viii. p. 46. 
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the milky fluid which oo;^es from incUionS in the bark of 
die Urceola elastica, separates on exposure to the air in- 
to a firm elastic coagulum^ and a watery liquid *, the coa- 
gulum becoming of a darker colour from the actioil of 
the air, and being no longer soluble in the liquid, thbugh 

V ^ 

before intimately blended with it. The purest caou>^' 
chotic Fourcroy supposes to be that which separates 
spontaneously from the juice in close vessels. It is white, 
or of a slight fawn colour. • 

The properties of caoutchouc have been determined, 
however, principally from the state fa which it exists in 
the elastic bottles which are imported to Europe j and in 
this state its properties do not seem to have undergone any 
important change^ or to be different from those of the 
pure caoutchouc. Its colour is alight brown § its external 
surface is smooth } its internal texture is rough, and pre- 
sents a fibrous appearance. Its specific gravity is nearly 
the same with water, being from 9 . 3335 , to 10.000. It 
is inodorous, and is also deatitutc of taste. 

'fhe most remarkable physical property of which this 
substance is possessed, and which eminently distinguish- 
es it, is its high elasticity. It can be stretched out to a 
great length, and wlien the force that has been applied 
to it is withdrawn, it instantly returns to its former di- 
mensions. Its pliancy is increased by heat, while it is 
rendered more rigid by cold ; and its softness, which is 
connected with the former quality, is so much increased 
by warmth, that it can be moulded into any form, and 
two parts newly cut may even be pressed together, so as 
to be intimately united. A circumstance rather singular 
has been observed by Mr Gough, with regard to its cx- 
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tension^ that when it has been rendered quite pliant by 
heat, as by keeping it for a short time in water at 130^^ 
on stretching it suddenly, its temperature is raisedt as may 
be perceived by making the experiment upon it, kept in 
contact with the lips, and on permitting it suddenly to eon* 
^^ 2 C^ tlji9 temperature falls ; the density being probably, 
augmented by trie stretching, and being accompanied 
therefore with a diminution of capacity. Accordingly Mr 
Gough found, thlt the specific gravity of a slip of caout- 
chouc is increasc\^by keeping it extended, while it is 
w^oiglicd in water. ‘Vile has also remarked, that if caout- 
chouc be stretched, it does not easily recover its dimen- 
6ions, if the temperature be diminished, but its elastici- 
ty is immediately restored by moderate warmth *. 

Caoutchouc, exposed in a dry state to a high tempera- 
ture, softens, swells up, and emits a foetid odour similar to 
tliat of animal substances : as the heat is increased, it melt^ 
into a viscid matter, and remains in this state when cold. 
If located suiFiciently high, it t<ikes fire, and burns with a 
vivid light, and dense smoke: in the countries in whi 9 h it 
is produced, it has been used for torches. 

This substance is perfectly insoluble in w^atcr ; it is 
softened when immersed in warm water, as has been al- 
ready remarked, an eflcct depending rather on the tem- 
perature, than on die agenpy of .the water. Even when 
the water is boiled on it for a long time, it preserves all 
its softness and elasticity, and suffers no apparent change. 

It is also insoluble in alkohol : by boiling the alkohol 
upon it, it is deprived only of the caibonaceovs matter 

* INTanchcstcr Memoirs, New Soric:., vol, i. p. 
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which is interposed between each layer of it, as usually 
prepared ; it is therefore by this operation rendered colour- 
less, and the layers become more apparent. 

Ether, a product of alkohol, dissolves it. Macquer ob- 
served, that highly rectified sulphuric ether dissolres it 
readily ; and by evaporation, the caoutchouc n^rty.again tuf 
obtained in the solid state unchanged. B r *ard, on the 
contrary, found caoutchouc insoluble in sulphuric ether, 
—a difierence of result, explained by a ^act discovered by 
Cavallo, ;hat ether is a proper solvcn?^ of this substance, 
only when it has been previously agitated wnh wa- 
ter ; by which the small portion of suJpIiuroiis acid it con- 
tains at its first production is removed. Pelletier discover- 
ed, that if the caoutchouc be previously boiled in water, 
until it is swelled and softened, it is easily and complete- 
ly dissolved by the ether, and a very saturated st)lution 
obtained Berniard discovered, in the series of expe- 
riments which he published with regard to this sub- 
stance f , that it is dissolved speedily in nitric ether, the 
liquid acquiring a fine yellow colour, even in the cold ; 
and when heat was applied, the whole nearly of the 
caoutchouc was dissolved. At the same time he ob- 
served, that this can scarcely be considered as a proper 
solution, but that it is rather owing to the decomposition 
of the caoutchouc, by the action of the nitric acid con- 
tained in the nitric ether : and he accordingly found, that 
when the solution was evaporated slowly, a substance was 
obtained of a rich yellow colour, transparent, friable, and 


* Memoires de I'Institut. National, tom. i. p. 56. 
f Journal de Physique, tom. xvii. p. 277. 
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entirely soluble in alkohol, having therefore all the cha* 
meters of a resin^ and which was not elastic. Dr Rox- 
burgh did not find the caoutchouc of the urceola soluble 
in nitric ether, perhaps from the ether he used having 
. bcen-jFree or nearly so from nitric acid. 

that the volatile oils dissolve caout- 
chouc Sy the assistance of heat : this w;is confirmed by 
Bcrniard, who ciamined several of these solutions, as 
tlvose formed by flie oils of lavender, spike, and turpen- 
tine. These solutions are viscid, and even when in- 
spissated remain claVmy. He found, that it was likewise 
dissolved readily by the fixed oils when they were boiled 
on it, and also, though more sparingly, by melted wax. 

The alkalis; according to Derniard’s experiment^, do 
not dissolve caoutchouc in the cold ; when macerated for 
six days in soapmukers’ Icy, it was not sensibly altered ; 
;but on bailing them for half an hour, it was corroded. 

The acids act upon it, not merely as solvents, but de- 
composing it. In Berniard’s experiment, sulphuric acid 
did not act immediately on pieces of caoutcliouc immer- 
sed ill it, but at the end of fifteen d;i^\s the acid was co- 
loured : it at length became perfectly black, and each re- 
maining fragment had the appearance of a piece of char- 
coal. The acid when distilled, passed over almost entire- 
ly in the state of sulpliurous acid. Weak nitrous acid, 
digested in the cold on a piece of caoutchouc, produced 
in six days no sensible change, but at length gradually cor- 
roded and hardened it, rendering it yellow; the strong 
fuming acid decomposed it very quickly. Muriatic acid, 
either in the cold or with the assistance of heat, did not 
sensibly alter it : and even at tlie end of two mojiths, th^ 
• M 1 



184 


CAOUTCHOUC. 


caoutchouc immersed in it had preserved its colour, elas- 
ticity, and weight. Acetic acid, in the state of distilled 
vinegar, had no effect whatever upon it *. 

Caoutchouc, decomposed by heat inclose vessels, afford- 
ed, in an experiment made by Berniard, a watery liquid, 
and an empyrcumatic oil, with ammoni^ : the>*ii^stic jgwT 
ducts he did net collect: there remail led a quantity of 
charcoal. In this analysis, imperfect a*! it is, we perceive 
the approximation of this substance in itomposition to ve- 
getable gluten. Fourcroy found tO)^, that caoutchouc 
treated by nitric acid afforded nitrop^Ji gas, with carbonic, 
prussic, and oxalic acids f . 

This substance is capable of being applied to important 
purposes, from its softness and flexibility, its elasticity, 
and particularly its indestructibility, and not being affected 
by air, water, or indeed the greater number of chemical 
agents. Tubes for conveying gases, and other chemical 
instruments, are accordingly prepared from it : and bou- 
gies, catheters, and similar surgical instruments of caout- 
chouc, are much preferable to what can be prepared from 
any other substance. The difEculty, however, in apply- 
ing it to these uses, and which renders instruments pre- 
pared from it of a high price, is that of finding a solvent 
which can dissolve it without alteration, so that by inspis- 
sation, it can be obtained with its elasticity and other va- 
luable properties unimpaired. The subject has engaged 
the attention of a number of chemists, and different me- 
thods proposed, some of which arc at present employed, 

* J(jurnal de Physique, tom. xvii. p. ^74*. 

I Annales de Chimic, tom. xi, p. 230. 
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Macqucr having discovered the solubility of raout«- 
chouc in ether^ supposed that advantage might be taken 
of this, so as to apply it to these purposes x the concen- 
trated solution being applied on a mould in successive lay- 
ers, each layer being allowed to dry before another was 
A^d over^;'^^ *1 method, however, is too tedious and 
expensive to admit of being much used. • • 

The solutions fM it in oils, can scarcely be employed 
in this manner, ad tlie inspissated caoutchouc always re- 
mains clammy, am cannot be rendered perfectly dry. 
Dr Roxburgh fountd^however, that the solution of it in 
what has been named Cajeput oil, obtained by distillation 
from the leaves of the Melaleuca Icucadendron, dried per- 
fcctly without any remaining clamminess ; so that a 
piece of catgut, covered with the half inspissated solution, 
and rolled between two smooth surfaces, soon acquired a 
polish and consistence very proper for bougies*.” 

Grossart, in a memoir on this subject f , proposed a 
method in which the caoutchouc was not fully dissolved, 
but merely softened so far that it adhered. A common 
bottle of it was cut into a thin slip, and this was macera- 
ted in sulphuric ether until it was softened. It was then 
removed, and rolled spirally round a mould, taking care to 
press w'ith the hand the sides of it closely together, and 
compressing the whole by a slip of tape and thread. 
A hallow tube was thus formed on the mould, and if this 
was made a little conical, it was easily withdrawn; or 
this was facilitated by plunging the whole in warm wa- 

* Nicholnon’s Journal, Ito, vol. iii. p. 

Y A north's ch Chlmic. ton^. p. 1 13. 
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ter, which softened and expanded the caoutchouc. To 
lessen the expenccj Gossart employed oil of lavender, or 
oil of turpentine, instead of the ether, and found that 
either of them answered sufficiently well ; a longer time 
only being requisite to have the tubes perfectly dry^ 
and firm. And in prosecuting these re9^ar^*\;^Iie 
that the same purpose was attained merely oy warm wa- 
ter j which, proceeding in the same lethod as with the 
ether, softened the slip of caoutchouc jtP completely, that 
its sides formed a perfect adhesion. ;^rhis is the method 
now generally followed, I believe,^’^ the construction of 
instruments of caoutchouc. The following directions 
have been given for the management of the process, the 
heat being best applied by the medium of boiling water ; 

Split a stick of cane, and then apply together again the 
split pieces, but with a slip of whalebone interposed be- 
tween them. Cut the elastic gum into slips fit for twist- 
ing over the prepared cane, so as to cover it ; then, by du- 
ly heating the surface of the cane covered with the caout- 
chouc, it will melt so as to forin one piece. When cold, 
draw out the interposed whalebone from between the split 
cane ; by which means, without difficulty, the whole sub- 
stance of the cane may then be readily withdrawn from 
under the covering, thus leaving the tube formed as dcr 
sired ^ 

The solution of caoutchouc in some of the oils, has 
been used as a varnish, to render flexible substances, as 
silk, &c. impermeable to water or air. It has the advan- 
tage of being perfectly flexible, but it is long before it 
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diles, and is liable to be softened by a very moderate heat. 
To render it less viscid, it is generally prepared from 
mixture of volatile and expressed oil. 


The vegetable Aroduct which is known by the name 
of Birdlime, hast in many of its properties, a close re- 
semblance to caou^houc, being like it possessed of great 
tenacity and elasticii^ and having very nearly the same 
general chemical properties 5 so much so, that perhaps 
they may be regarded as varieties of the same principle. 

Birdlime appears to be a natural production, and cx- 
u.los spontaneously from certain vegetables, forming a 
viscid matter, which collects on their leaves or stems. It 
Is thus secreted in considerable c|uaiitity by the Robinia 
vlscosa. It is, however, generally extracted by an artifi- 
cial process, which is, in some measure, kept secret. The 
following account of it is given by Gcofiroy : ** The in- 
ner bark of the holly is boiled in water seven or eight 
hours, till it become soft and tender. This is laid in mas- 
ses in the earth, and covered with stones, placing one lay- 
er over another, the water having been previously drain- 
ed from the bark. In this state it is left to ferment, du- 
ring a fortnight or three weeks, in which time it changes 
to a kind of mucilage. It is then taken from the pit, 
pounded in mortars till reihiccd to a p.^-^te, w^ashed in ri- 
ver w^ater, and kneaded till ficcd from all extraneous mat- 
ters. The paste is left iti earthen vessels during four or 
five days, t^> ferment and purify itself. It is afterwards 



ISS BIRDLIAIIS. 

put into proper vessels, and thus becomes an article of 
^commerce The same, or a similar substance, is pre- 
pared from other vegetables ; as from the wild vine, and 
the different species of misletoe i and, as remarked by 
Lagrange, who has lately submitted it to chemical invest 
tigation, the birdlime of commerce is (Aen^^mpojjili<rn 
of 'the above preparation, with oil, tirpennne, and other 
viscid substances. To obtain it pure, ye prepared it from 
the inner bark of the holly, by a process nearly the same 
as that described by GcofTroy, and from his memoir f i 
that the following account of its properties is principally 
taken. 

It is of a greenish colour, and has a flavour somewhat 
acescent : its smell is similar to that of lintsced oil ; it is ex- 
tremely viscid and tenacious; and when tiie hands are 
wet, so that it can be handled, it can be stretched out to 
a great length, and on witlidrawing the stretching force, 
it gradually returns to its former dimensions. When 
stretched, its texture appears distinctly fibrous. 

Spread on a glass plate, and exposed for some time to 
the action of air and light, it dries, becomes brown, and 
loses its viscosity, so that, when quite dry, it can be re- 
duced to powder ; but it recovers it on the addition of 
water. 

It reddens the infusion of litmus, from the presence of 
a small portion of acetic acid, which is probably, however| 
foreign to its composition. 


* Nicholson’s Journal, vol. xiii. p. 
f Ibid. vol. xiii. p. Ml*. 
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When heated gently in a porcelain vessel, it melts, 
though without becoming very liquid, and swells in bub- 
bles which rise to the surface : if the fusion be continued 
for some time, it acquires a brown colour ; but on cool- 
ing, ifo recovers its characters. Placed on burning fuel, 
k j^urns ^^ght ifame, and the emission of much 

smoke j and ir equVly takes fire and burns when raised to 
a red heat in a criAible : a whitish residuum is obtained, 
which is very alk.Iline, and in which re-agents discover 
the presence of s^^lphate and muriate of potassa, and 
W’hich contains also djjbonatcs of lime and argil, with a 
small portion of iron. 

Water has little action on birdlime. On boiling it in 
a quantity of M'ater, it does not dissolve, but acquires ra- 
ther more fluidity, which It loses, however, in cooling ; 
and the water receives merely a slight impregnation of 
acid and of mucilage. 

The action of the alkalis on it is energetic. Pure pot- 
assa forms w'ith it a whitish magma, ammonia being at 
the same time evolved. This matter is less viscid than 
birdlime : it hardens from exposure to the air, and its 
taste and smell are similar to those of soap. It is almost 
entirely soluble in water and in alkohol as soap is, and 
is decomposed like it by the acids. 

The acids likewise act on birdlime : when diluted, they 
soften and partly ilis.-olve it ; wh.cn concentrated, they de- 
vonipoGc it. Sulphuric acid blackens it, evolves char- 
coal, and Cdue.es a formation of acetic acid cr.d ammonia. 
Nitric acid in th.e cold has little effect on it ; but, on ap- 
plying heat, the mixture becomes yellow, the birdli:nc 
dissolves, and, ns the ovaporatit)n advances, swclh', leaving 
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at length a hard brittle mass. This, by being again sub- 
jected to the action of nitric acid, is converted into oxa- 
lic and malic acids. Muriatic acid in the cold has no ac- 
tion on birdlime : when heated on it, it turns it black. 
Oxymuriatic acid produces on it very important changes,^ 
either by shaking the gas w'ith the wat^^d^t|i^ jing b ip^ 
linv?, or by stirring it with the acid /in a^concentrated 
state : the birdlime loF.t its colour, and^^ became wliitc : it 
is no longer viscid, but in hard ma?^cs, containing in 
their central part a quantity of birdlinjl', to which the acid 
has not been able to penetrate ; ap/i; it is also no longer 
fusible. These changes appear to be owing to the oxy- 
genizement of the birdlime. Acetous acid softens bird- 
lime, and dissolves even a certain quantity, the liquor ac- 
quiring a yellow colour. 

A number of the metallic oxides arc reduced when 
heated with birdlime. Oxide of lead forms with it a com- 
pound of the consistence of plaster. 

Alkohol, when boiling, dissolves birdlime : the solution, 
while liot, is transparent, but becomes turbid as it cools % 
and a yellow matter may be separated by filtration, which 
is softer than the original mass, melts in a moderate heat, 
and diffuses an odour similar to that of wax, of the pro- 
perties of which it appears to be possessed. The filtered 
liquor is bitter, nauseous, and acid ; affording a precipi- 
tate on the addition of water, and leaving, on evaporation, 
a substance similar to resin. 

Sulphuric ether is the proper solvent of birdlime : it 
dissolves it rapidly, and nearly entirely, leaving only any 
Impurities. The solution is of a greenish yellow colour, 
and reddens infusion of litmus. On adding water lo it. 
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the m?xture thickens, and the ether swims on the top : if 
a sufficient quantity of water is added to dissolve the e-^ 
ther, a quantity of oil is formed on the surface, having a 
considerable analogy to that of lintseed. By evaporating 
the solution of birdlime in ether, a greasy substance is 
o'’»uined,^r^^a j^^low colour, and of the consistence of 
wax. ^ 

Some chemists ^ave supposed birdlime analogous to 
gluten ; and there no doubt, certain points of resem- 
blance between It dlllers from it, however, as 

Lagrange has remarked, in being much less animalized ; 
hence it is not liable to putrefaction, bnt can be preserv- 
ed in water a Jong time without any sensible change : it 
dilfers also in the great quantity of resinous matter tliat 
may be formed from it by nitric acid, and in its solubility 
in ethei. 

It is nuicli more analogous to caoutchouc, with which, 
however, it has not been usually connected. Like it, it 
is possessed of groat tenacity and elasticity ; is fusible j 
inflammable j aflbrding much smoke in its combustion : 
it is insoluble in water, soluble in ctl:er \ and sulFers 
changes somewhat simllai from the acids, and even from 
the alkalis. It dilVers from caoutchouc, in beln<: ratlicr 
more easily actcil on by these agents, in being solubio- 
ill alkohol, and in appearing to sufl'er rather more change 
ill its constitution from tliesc combinations. But these dif- 
ferences are not very ctaisiderable, and perhaps nor great- 
er than what may occur in varieties of the same species. 

This conclubloii receives, peiliaps, confirmation from 
an observation made by Dr ]\oxbiTrgli. The caoutchouc 
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of the Ficus rdigiosus, the Ficus Indies, and the Artocar« 
j>U9 integrifolia, he found to be much less elastic than 
that from the Haevea or the Urccola, but much mote vis- 
cid ; while, in inflammability, and in their relations to the 
acids and other chemical agents, they are nearly the; same. 
This fact, by proving that there are si^r^ijiif^jrietiesjjjf 
caoutchouc, not> perfectly uniform in tl.eir (Properties, and 
some of which appear to approach tli birdlime, is suffi- 
cient, perhaps, to connect it with the jipccies. 


SECT. VllL 

FIXED OIL. 

"i’liE name of Oil is given in common to two vegetable 
proximate principles, which agree in the possession of a 
number of properties, but whicli likewise differ so far, 
tlint they must be regarded as essentially distinct. One of 
these species of oil is volatile at a high temperature ; the 
other cannot be volatilized without decomposition ; hence 
they may be distinguished by the epithets Volatile and 
Fixed. The volatile have also been named Essential 
Oils, — the fixed, Expressed Oils, as it is by the process 
of expression that they are usually obtained. The chemi- 
cal history of expressed oil is to be the subject of this 
section. 

These oils are formed abundantly in the vegetable sys- 
tem ; they are contained generally in the seeds and fruit. 
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and a^e found only at the period of maturity! or, at least, 
areTbund then in largest quantity. They are extracted,* 
in general, by expression ; the fruit, or the seeds bruised, 
bping subjected to pressure in a hempen bag inclosed in 
a pres;», and any foreign matter forced out with the oil 
allpwtvl to .‘ubside. In this way are prepared the 
oils from the fruit the olive, and the seeds of the almdnd. 
The process is faq/iitated by the application of heat, or by 
even previously roasting the seeds gently, especially with 
regard to those seec\s which contain much mucilage : but 

j 

from this the oil geil yally acquires some acrimony and 
empyreuma ; it is even so far changed in its qualities, as 
to be less liable to congeal, and more disposed to beepme 
dry or solid wlien exposed to the air. Oils prepared in 
this manner are therefore named Drying Oils ; and from 
these ch.mges, the process is applied only to the extrac- 
tion of the coarser oils, as those of lintseed or rapeseed. 
Sometimes, too, oil is extracted by decoction, the seeds 
being bruised, and boiled in water, the oil scparaiing, and 
swimming on the surface. In this way is prepared what 
is named Castor Oil, from the seeds of the Ricinus com- 
munis. 

The oil which is extracted by either process frequently 
has an impregnation of extractive, resinous, or other fo- 
reign matter, whence it derives taste, flavour, and, in 
some cases, more active qualities. The oils of olives and 
of almonds are the purest met with in commerce, and ap- 
pear, indeed, to be perfectly free from any foreign im- 
pregnation. Oils less pure, but in larger quantity, are 
procured for the purposes to which they are applied in 
the arts, from lintseed, hempseed, rapeseed, from thq 

' N 
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nuts of the beech mast, and from the seeds of a nlmber 
of other plants. 

Fixed oil is fluid at moderate natural temperatu;*es ; 
by no great reduction of temperature, however, the diflTer- 
ent kinds of it are congealed, some of tliem eve'j at a 
temperature not so low as the freezing' point ; 

and there are others, as the oil of the /cocoa nut, of the 
laurel berry, or of the nutmeg, whlcv. are always con- 
crete, whence they have obtained the ’^ame of Vegetable 
Butters. 

Fixed oils, when liquid, are alwpyS somewhat tliick and 
viscid, but, when pure, perfectly transf)arent : they have 
also, the property named unctuosity : they are colourlcsJS, 
or of a yellow or greenish tinge : they are insipid, or Jiavc 
a very mild taste. They are lighter than water, aiid hence 
swim on its surface. They are altogether incap-.ible of 
combining with water, as, even when strongly agitated 
with it, the globules of oil, when the agitation ceUvSes, 
soon separate, and collect at the surface, '^riiey arc equal- 
ly insoluble in alkohol. 

Though the fusibility of these oils is such, that they 
are usually fluid at natural temperatures, yet they can- 
not be volatilized without decomposition ; and even this 
requires a high temperature. In general, they do not boil 
at a heat less than about 600° of Fahrenheit ; and when 
the operation is conducted in close vessels, so as to con- 
dense this vapour, the qualities of the oil are found to be 
changed : it has lost its insipidity, has become more acrid, 
and, by repeated distillations, it becomes more light, lim- 
pid, and volatile, acquiring, at the same time, an empyreu- 
inatijc odour, .and becoming soluble In alkohol. When this 
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clistll^tlon is carried on with a very strong heat, a quan- 
tity*Tf carburettcd hydrogen, of carbonic acid, and of an* 
acid, liquor, are produced along with the empyreumatic 
oil ; and there is a residuum of charcoal. . 

Expressed oils are ajtered by exposure to the atmo- 
sphere, especially at a high natural temperature : they ac- 
quire a sharp taste' and a disagreeable smell, and become 
thick. This chaii;, e is termed Rancidity : it is owing to 
the absorption of oxygen which always accompanies it, 
as IJerthollet had 1 oi.(t ago demonstrated The oxygen 
appears sometimes to C ^nbinc with the entire oil ; in other 
cases, it is said td unite with part of its principles, and 
form an acid, the Sebacic, which is diffused through .the 
rest of the oil, and is the cause of the change in its pro- 
perties *, and there is also a portion of water slowly form- 
ed. Wlien the oil is exposed to pure oxygen gas, the 
same change takes place still more speedily *, and some 
.absorb a large quantity. Lintseed oil, it is stated by Saus- 
sure, absorbed, in his experiments, more than twelve 
times its volume of oxygen gas in the space of four 
months f , and this without forming any carbonic acid. 
Drying oils, or those extracted by expression with the as- 
sistance of heat, it lias already been remarked, do not be- 
come rancid from exposure to the a'T, but, by the absorp- 
tion of its oxygen, arc rather converted into a resinous ; 
matter, especially when exposed under a thin and exten- 
sive surface. 


* Memoires dcTAcad. des Sciences, 1785, p, S29. 
f Recherches sur la Vegetation, p. 154. 
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It appearsi from well-established facts, that this aHjorp- 
*tion of oxygen by fixed oils may, under certain circum- 
stances, be so rapid, as to produce a temperature sufficient 
to cause them to bum Manyinstances of spontaneous com- 
bustion had from time to time occurred from this^cause, 
and, in particular, had been so frequent in the Russian navy 
and arsenals, tKat at length a series ofjbxperimcnts on the 
subject was ordered to be instituted',; and from these, 
the circumstances connected with theyfact have been ful- 
ly ascertained. It appears, that if^hemp, flax, or li.nen 
cloth, be steeped in lintsced oil, lie in a heap, and be 
somewhat pressed together and confinM, its temperature 
risevi, a smoke issues from it, and at length it takes fire. 
The same thing happens, with mixtures of oil with fine 
charcoal, as lamp-black, wrapt up in linen. In one ex- 
periment, a mixture of this kind became warm in about 
sixteen hours, and emitted steam ; in two hours more, it 
emitted smoke, and immediately afterwards took fire. In 
another, the combustion happened in nine hours. The ex- 
periments succeeded only when drying oils were used 
At the same temperature nearly at which oil is volatil- 
ised, it combines with’ oxygen with rapidity, so as to pro- 
duce the phenomena of combustion, or to extricate a large 
quantity of light and hcatl For this purpose, the oil must 
be converted into vapour, and its temperature raised even 
to ignition. Hence is derived the utility of a wick in sup- 
porting irs combustion. The wick, made of cotton or any 
other material consisting of slender threads, draws up a 
portion of the oil by capillary attraction. By kindling the 


Repertory of Arts, vol. iii. p. 95, 
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the portion of oil it contains is converted into va- 
and ignited. As fast as it is consumed, a new sup- 
pi;^ is afforded by the same capillary attraction. The oil 
consists principally of carbon and hydrogen : the hydrogen 
requ’fes rather a lower temperature for its combustion 
thsftsL the carbon does ; hence the combustion of oil in at- 
mospheric air is rttended with a black smoke, which pon- 
sists of the light carbonaceous matter suspended in the 
current of hot air. Where the air has not sufficient access 
to the wick, this smoke is very abundant ; and it m<«y, on 
the contrary, be entirely removed, by increasing the cur- 
rent of air, so as to render the combustion more rapid. 
This is done, for example, in Argand's lamp. It consists 
of a hollow wick, through the internal part of which a free 
circulation of air is established. When the wick is kin- 
dled, the air within it is immediately ratified ; a strong 
ascending current is thus formed j fresh atmospheric air 
is rapidly brought into contact with the burning oil ; the 
combuxStion is thus rendered more rapid, and thus so much 
caloric is extricated, as to keep the temperature of the oil 
high, that all the carbon of the oil is consumed. Hence 
the combustion in these lamps is attended with no smoke \ 
and from a given quantity of oil, more light and caloric 
are extricated, as the whole of that oil is consumed. 
There is reason to believe, that in the volatilization of 
the oil by the ignited Wick, it is decomposed, and con- 
verted principally into that variety of carburetted hydro- 
gen named Olefiant Gas, which we know, when pure, 
burns with precisely the dense oily-like flame that ignited 
4)11 docs. 

N 3 
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The products of the combustion of oil are wat^ and 
^carbonic acid. Lavoisier examined this combustiorrpar- 
ticularly. He found, that 100 parts of olive oil, dupng 
their combustion, combine with 321 parts of oxygen, and 
produce 140 parts of water, and 281 of carbon i(?> acid. 
Hence he inferred, that oil consists of 79 parts of carbon, 
united with 21 of hydrogen. His conclusion, however, 
was founded on two suppositions, neither of them just, — 
that common charcoal is pure carbon, and that no oxygen 
exists in the composition of the oil : the propoirions of 
carbon and hydrogen must therefore be regarded as mere 
approximations ; and oxygen must probably also be ad- 
mitted as a constituent principle of oil. That it is so, ap- 
pears to be established by the decomposition of oil in close 
vessels ; when transmitted through an ignited tube, car- 
bonic acid and water are part of the products. 

The expressed oils suffer decomposition from the action 
of the greater number of the acids *, with phenomena, 
however, somewhat dillcrcnt according to the nature and 
concentration of the acid. 

Sulphuric acid almost immediately renders oil brown, 
and at length black, by evolving part of its carbon in the 
state of charcoal : a portion of water has been also affirm- 
ed to be formed 5 and the formation of sulphurous acid 
is discovered by its pungent smell. If heat be applied, 
the action becomes more rapid, and the mutual decompo- 
sitions more complete ; and with fccrtaln proportions, the 
whole even of the oxygen of the acid may be abstracted, 
and sulphur obtained. 

The action of nitric acid on oil, is less violent;. the oil 

merely thickened and rendered white : when heat is ap- 
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plieijj( or when the oil is heated previous to the addition 
acid, the action is more rapid, and nitrous acid va« 
pour is disengaged. The action is more rapid on the dry- 
ing oils, a resinous-like matter being formed : and if 
heat l^e applied, there is a violent effervescence, and the 
oH‘'’Xi?y-£ven hp^ir^inned, by the acid. 

Muriatic acid has very little effect, vijjicn mixed with 
the oil in the cold : but according to Cornette, if the mix- 
ture is kept a long time in digestion in a sand heat, the 
colour of the oil darkens, and it becomes at length black 
By distillation the acid passes over with little change. 
The oxymuriatic acid* causes nearly the same changes in 
the expressed oils, as the nitric ; thickening them and ren- 
dering them white. “ 

The other acids exert very little action upon expressed 
oil. 

With the alkalis, expressed oils form a chemical com- 
bination : the product is the well-known substance Soap, 
in which the properties both of the oil and alkali are con- 
siderably modified. 

If one part of a pure expressed oil, of that of olives for 
example, be mixed with half its w^eight of the common 
potash ley, a combination is effected between them : the 
oil becomes much thicker and wdiite, and the acrimony or 
causticity of the alkali is much lessened. The compound, 
too, is to a certain extent capable of combining with wa- 
ter ; a perfect solution indeed docs not take place, but an 
opaque milky mixture is formed, from wliich the oil docs 
not separate for a considerable time. 


* Memoircs dr TAcad. des Sciences, 175^0, p. 

• N 1. 
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In this mixture, however, the combination of oil 
with the alkali is very imperfect. It is rendered aBc.vI. 
more complete by the assistance of heat, or by boiling 
them together. One part of carbonate of soda is dissolv- 
ed in 8 or 10 parts of water, and quicklime is ad^ed to 
abstract the carbonic acid : the liqli<.r is filtered j a ni^.a- 
porated so far t\)at its specific gravity shall be to that of 
water as 1 1 to 8. One part of this ley is mixed with 
two of an expressed oil, of that of olives for example, 
and the mixture is exposed to a moderate heat, suffi- 
cient only to make the liquor simmer. It is agitated 
constantly. An intimate combination of the oil and alkali 
takes place : the heat is continued till on allowing a few 
dropk of the liquor to fall on a stone, it congeals, and the 
water separates from it. It is then removed and cast 
in moulds. 

This is the process for preparing the finer kind of 
soap. The coarser soaps, which are in common use, and 
are manufactured on a large scale, are prepared from less 
pure materials *, and the process which is followed, is 
somewhat different from that above described. An ela- 
borate report was presented on this subject, by Pelletier, 
Darcet, and Lelievre ^ ; and the account of the manufac- 
ture of soap which follows, is principally taken from their 
memoir. 

The oily matter which is employed in the fabrication 
of common soap, is different in different countries. In 
France, the coarser kind of olive oil is used ; and, accord- 


Memoircs de Chimie de Pelletier, tom. ii. p. 249. 
Annales de Chimie, tom. xix. p. 253. 
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ing to Ahe report of the French chemists, it forms the best 
this country, animal fat is generally employed ; ^ 
and||^according to the same authority, it is^ next to olive 
oil that which gives the best hard soap. 

The ^alkali which answers best, is soda: it forms a soap 

while potassa forms onc 
that always remains soft. In countries, therefore, where 
barilla can be obtained at a low price, it is used in the pre- 
paration of soap. In this country it would be too expen- 
sive : the potash of commerce is therefore used : and in 
order to render the soap sufficiently disposed to congeal 
and become hard, there is added towards the end of the 
boiling of the alkaline ley with the unctuous matter, a 
quantity of sea salt; the soda of which being in part 
evolved by the potassa, produces this effect. 

The alkali must of course be in its pure, or what is 
named itscaustic state: whether barilla or potash, therefore, 
be employed, the carbonic acid combined with the alkali 
in either of them, is abstracted by lime, and the solution 
thus obtained forms the soapmakers’ ley. When barilla 
is employed, after being reduced to coarse powder, it is 
mixed with the lime ; the proportions used being 5 lbs. 
of barilla with 1 of lime. The mixture is put into a 
large wooden trough, with such a quantity of water as 
will cover it several inches : it is stirred ; and after it has 
stood some hours, the ley is withdrawn, and is named the 
First ley : it is of such a specific gravity, that a fresh egg 
does not sink in it. A new quantity of water is poured 
on the materials, and after some hours is drawn off, af- 
fording a weaker ley. This is repeated once or more, 
forming a third ley : and, lastly, the residuum is washed 
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with water, which now receives so slight an imprecation ^ 
^ that it is reserved only for adding to a fresh quaKtify of 
the materials. 

The proportion of oil that is requisite, is 6 parts, when 
5 of barilla and 1 of lime have been used. To combine 
them, they are to be boded togetfief v tbe. 
iron pot fixed in a brick furnace, there being adapted to 
it a crib of wood : the oil is put into this boiler, with a 
p(>rtion of the weakest or third ley, and heat applied, so 
as to cause the mixture to boil : fresh portions of the Icy 
arc added from time to time, until the whole is consumed : 

r 

the second or stronger ley is added in the same manner; 
the mixture being well stirred : the oil now becomes of a 
milky appearance, it unites perfectly with the ley ; and 
after some hours of boiling, the mixture becomes more 
uniform, and acquires a thicker consistence. A small 
portion of tHc first ley is then added, and it is still care- 
fully stirred, and kept boiling. The successive addition 
of small portions of the first ley, thickens the mixture : 
the heat is continued for some time, until it become 
more and more tliick, and the soap now formed begins to 
separate from the watery liquor ; a .smaJl quantity of sea 
salt is then added, which renders the separation more com- 
plete, by attracting the water : the boiling is continued 
for two hours longer ; the fire is then withdrawn, and 
the whole allowed to remain at rest. In a few hours the 
soapy matter collects towards the surface, and the watery 
part subsides : litis last is draw»^n olF by a tube at the bot- 
tom of the boiler : the fire is then again applied, a small 
iquantity of water or of weak ley being added, to facilitate 
the liquefaction of the soap. The mixture being perfect- 
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ly liqu efied, ^ and being brought to ebullition, the remaining 
jf5Tif*oi^X^e strong Icy is added in small quantities. The ^ 
conj^lation of the soap can now be discovered: this is judg- 
ed of, by withdrawing a small portion, which is allowed 
to cool^n a plate of glass \ and by the degree of consist- 
wbk fj nfc c it is determined if the preparation 

be complete. If it be so, the fire is withdrtiwn ; the soap 
is left at rest for some hours ; the liquid beneath is with- 
drawn by the stop-cock : the fire is again applied, a small 
quantity of water being added to promote the liquefac- 
tion ; and when the whole has cooled a little, it is run 
into the vessels in which it is to congeal, in the bottom 
of which a little lime in powder is equally strewed. 
After some days, the soap has become sufficiently firm 
to be cut into tlie form under which it is usually sold. 

Though such be the general outline, it is no doUbt va- 
ried by different manufacturers, and in different coun- 
tries •, but by following this process, a soap of excellent 
quality may be formed. In this country, as lias been al- 
ready observed, the principal difference is in using animal 
fat, to which, in forming yellow soap, a portion of resin 
is added ; and in using potash instead of soda. From the 
latter variation, it is necessary to use muriate of soda in 
larger quantity than when barilla is employed, in order to 
afford a portion of soda, to render the soap concrete. 
The French chemists, in their experiments on soap, found, 
that when they substituted a ley from potash for that 
from barilla, using the same oily matter, and observing 
the same process in every other respect, they obtained 
only a soft soap. But if they added, in the course of the 
boiling, a solution of muriate of soda, they obtained a soap 





FIXED Olt. 


perfectly firm : or if they began the process with a ley of 
^ potash, and finished it with a ley of soda, they^JiaS**uje 
same result. 

ll^e veined or marbled soap, as it is named, differs 
from the other merely in its streaks of colour, aiyl in be- 
ing prepared from the purest 

medicinal purposes. The variegated colour is given to it, 
by adding to the soap when nearly fully boiled, a small 
quantity of fresh alkaline ley, and soon after a solution of 
sulphate of iron ; black oxide of iron is thus precipitated, 
'which, from the action of the soup, assumes a blue tinge. 
Brown or red oxide of iron is then diffused in water, and 
stirred through the ^oap, so as to be mixed with it in 
streaks. This soap is also more solid than the other, as 
in the operation the water is more effectually dissipated. 

The soft soap of commerce is prepared from the com- 
mon potash, rendered caustic by lime, and boiled with 
some of the coarser oils, as of rape-seed, hemp-seed, or 
lint-seed, or even with fish oil. 

Some observations have been added by Pelletier, Dar« 
cet, and Lelievre, on the adulteration of soap frequently 
practised. The most common method is to cause it to 
imbibe a large quantity of water j and to prevent the dis- 
sipation of this from exposure, those who practise it keep 
the soap in a saturated solution of muriate of soda. This 
is detected by the great loss of weight which such soap 
sustains from exposure to the air. Other modes are al- 
so said to be practised, as by the addition of chalk, clay, 
alum, sea salt, and other substances. 

These chemists executed the analysis of soap. When 
properly prepared, 3 lbs. of oil ought to furnish 5 lbs. of 
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$oap : but from this it is not easy to discover, at least 
WiUi jn^rfect accuracy, what proportion of alkali ' and ^ 
whqj quantity of water it contains. The proportions 
they assign are, in 1 lb of soap, 9 ounces 6 drachms of 
oil, 1 ^unce 3 drachms of pure alkali, and 4> ounces 

The cleansing property of soap depends* entirely on the 
alkali it contains : the alkaline power is no doubt partly 
impaired. by the combination ; and hence it might be sup- 
posed more economical, to use merely the alkaline solu- 
tion. In some cases it is so, as in some of the steps if 
the process of bleaching ; but for common use, soap has 
some advantages j as it acts less on the fibre of the cloth, 
and gives to it a softness and smoothness, which the alka- 
li alone would not do. 

Soap is soluble in water ; but the solution is always in 
a certain degree opaque, owing perhaps to particles of un- 
combined oil being present. It is likewise soluble in al- 
kohol ; and if the purest soap has been employed, this so- 
lution is nearly transparent ; if strong, it is of a geiatixi- 
ous consistence. 

Soap is decomposed by all the acids, which attract its 
alkali, and separate its oil. The greater number of the 
neutral salts, either earthy or metallic, likewise effect in 
it the same decomposition. Thi}/is tlie reason that, with 
what are termed Hard waters, a proper solut\ n of soap 
cannot be formed,— the sulphate of lime contained in the 
water decomposing the soap. The solution of soap, 
therefore, in alkohol, is a very convenient test for discov- 
ering these salts in water. In these cases of decomposi- 
tion by the earthy and metallic salts, the oil which is se- 
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parated combines with the earth or metallic oxide. 
^ When this oil, however, is separated by an acid fpomTiP& 
soap, it is affirmed, that in several respects its prop^ ties 
are altered ; and that, in particular, it is now soluble in 
alkohol. During its conversion into soap, therefore, it 
must not merely have rfTmhinrr^^iTjjb the alhali^ 
have further undergone some chemical change. It has 
been supposed to receive oxygen from the air. 

When soap is exposed to heat in close vessels, it affords 
oil, water, and a portion of ammonia. The origin of the 
%lt product is not very evident, since oil is supposed to 
consist only of carbon, hydrogen, and oxygen ; but per- 
haps it may be obtained only from soaps that have been 
formed in whole or in part from animal fats, in which a 
portion of nitrogen may exist. 

Ammonia acts upon the expressed oils in a manner si- 
milar to the fixed alkalis, forming with them a sapona- 
ceous compound, which is thick and white, and which is 
also diffusible in water ; hence it is used in pharmacy, to 
render oils miscible with water. The combination, how- 
ever, is much less intimate than that with the other alka- 
lis, as heat cannot well be applied to render it perfect. 
Berthollet discovered an indirect process by which a pro- 
per ammoniacal soap may be formed. It consists in mix- 
ing a solution of commd.n soap with a solution of muriate 
of ammonia : the muriatic acid is attracted by the alkali 
of the soap, and the oil combines with the ammonia, 
forming a kind of coagulum. This soap is much less so- 
luble in water than common soap, has a more pungent 
taste, is less consistent, and Is decomposed by long ex- 
posure to the air. It is soluble in alkohol. 
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Berthollet, in tl memoir on the combinations of oils 
ee^jhs and metallic oxides has described the pro- ^ 
pert^es of the saponaceous compounds tlius formed^ and 
the processes by which they may be obtained. 

Lim({j- water acts upon expressed oil nearly in the same 
iVJTnner. solution, forming a white and thick 

mixture *, but the proper calcareous soap k formed either 
by mixing a solution of soap with a solution of sulpiiate, 
muriate, or iiitraTe of lime, or by adding it to lime-water ; 
the lime unites, in either case, with the oil of the soap, 
and forms a combination which is sparingly soluble, and 
wiiicji remains on the filtre. 

By a similar process, Berthollet formed magnesian and 
argillaceous soaps, — adding, to form the one, a solution of 
sulphate of magnesia ^ to form the other, a solution of 
alum to a solution of common soap, fiie magnesian soap 
was of the utmost whiteness, unctuous, dned with didi- 
culty, and preserved its white colour after exhiceatiou. It 
melts with a moderate heat, and forms a transpaiv nt mass, 
slightly yellow, and very brittle : it is i.isv juble in boiling 
water, but alkohol dissolves it ; wlien w.Jer is ndiled to 
the solution, it becomes milky. The arghLieevuis soap 
was soft and tenacious, and preserved its tciiacity in dry- 
ing : it melts reaildy, and exhibits, after fusion, a mass of 
a beautiful transparence, rather viliow. It appeared to 
be insoluble in water, alkolicl, pa oil. 

The solution of muriate of barytes ailbrdod, with soap, 
a combination nearly the same in appearance and proper- 
ties as the soap of lime. 


r Memoires de I'Acad. des Sciences, ITS 
^Nicholson’s Journal, *lt a, vol. i. p. ITO 
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Combinations of expressed oil with metallic oxides 
^ can be formed by a similar process^— adding to 
of soap a solution of a metallic salt ; and the propertiffs of 
a number of these compounds have been examined by 
Berthollet. The combination formed in this mani^r with 
oxide of mercury, he found to be vftuid-; to d»y with di£m 
ficulty, losing its white colour in drying ; to be soluble in 
oil, and very sparingly in alkohol. That with silver is at 
first white ; but after a few moments’ exposure to the air, 
it becomes red : that of gold, which is also at first white, 
soon assumes a purple colour ; these changes of colour in 
these combinations being no doubt owing to the facility 
with which their respective metals part wkh oxygen. The 

t 

combination with oxide of iron is of a reddish brown co- 
lour, tenacious, and easily fusible : that with copper is of 
a green colour : when digested in alkohol, its colour be- 
comes deeper, and it liquefies, but does not dissolve in 
the cold : ether renders its colour deeper and more beau- 
tiful, and dissolves a considerable quantity of it : it is also 
abundantly soluble in oils, to which it gives a fine green 
tinge. This, on account of its solidity and its fine green 
colour, has been proposed to be used as a paint The 
compound which oxide of lead forms is white, tenacious, 
and very adhesive when heated : that of tin is also white : 
it is not, like the other .metallic soaps, fusible j but is de- 
composed by heat. The soap of zinc is yellowish 
white, dries speedily, and becomes fusible ; that of cobalt 
is of a dull ieaden colour, and dries with difficulty ; and 


* Journal de PEcole Polytechnique, Cah. tii. p* 427. 
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chat of manganese white, but, on exposure to the Vtr, as- 
peach*bloom colour, which gradually deepens 
Xxpressed oil is capable, too, of acting more directly 
qn some of the metallic oxides, and even of promoting 
the mydizement of some of the metals. If copper be 
rubbed over with giease, and exposed to the air, the sur- 
face soon becomes quite green, the fat probably absorbing 
oxygen, which acts on the metal. The oxidizement of 
mercury by trituration with lard prc^ably depends on the 
saipe agency. With oxide of lead, expressed oil combines 
very readily, either by^ trituration, or in a more perfect 
manner by boiling ; and by the last method, so much of 
the oxide is dissolved, that the compound, when cold, as- 
sumes a solid consistence, and is hard. This forms what 
in pharmacy is named Common Plaster, prepared by boil- 
ing two parts of oil with one part of vitrified oxide of lead 
{litharge)^ adding a small of portion of water to prevent 
the composition from being scorched. The mixture be- 
comes white : it retains this whiteness when cold, but be- 
comes yellow from long exposure to the air. Its texture 
is somewhat foliated, and it is easily melted. From its 
adhesive quality and its mildness, it is well adapted to the 
uses to which it is applied in surgery. Deyeux, who has 
made some observations on these combinations f, has re- 
marked, that some other metallic oxides, as those of bis- 
muth and mercury, may be mr.de to afford similar com- 
positions with oil. 


* Nicholson’s Journal, 4fto, vol. i. p. 172. 
\ Annales de Chimie, tom. xxxiii. p. oO. 
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Expressed oil is capable of combining with sulphur, by 
, boilifig them together. This solution, named in the^shopif 
Balsam of Sulphur, is of aidark reddish brown coloui^} an 
extremely foetid smell, and an acrid taste. By the appli- 
cation of heat, it emits sulphuretted hydrogen. ^When 
concentrated, sulphur u deposited from it, crystallized in 
octaedrons. ' 

Expressed oil is also capable of dissolving, with the as- 
sistance of heat, phc^spliorus in small proportion. The li- 
quid is luminous, wb.en exposed to the air and rubljed. 
When saturated, a part of the phosphorus is deposited, 
on cooling, in octacdral cry^stals. 

It unites with sever d of the other vegetable products ; 
with gum, fccula, ainj sugar. If triturated with any of 
these, and a little water, it forms a milky fluid, wh ch may 
be difl"uscd through water without the oil immediately se- 
parating. The mucilage suspends it more completely 
than either of the others ; and it is frequently used in 
pharmacy for lliis purpose. Tlie mixture with it is mild- 
er than that in which the oil is mixed by a small quanti- 
ty of alkali ; but it is also less permanent. 

Expressed oils are applied to many purposes in the 
arts. They form the basis of paints, the oil being tritu- 
rated with W'hite oxide of lead, and the colouring matter 
being afterwards added. Combined with resin and tur- 
pentine, they form what are named Fat Varnishes, which 
differ from the spirit varnishes in being, when dry, more 
flexible. Mixed with lamp-black, they form the compo- 
sition used as printing-ink. For these uses, the drying 
oils, those of lintseed, of poppy, hemp, or nuts, are em- 
ployed 5 and they require even preparation. Not only is 
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che seed from which they are extracted previously roast* 
'ed. but' the oil is boiled strongly for some time, is even* 
sometimes kindled, and allowed to burn for a little, or is 
boiled with a small portion of litharge j and, for difl'erent 
purposes, these processes are often varied. 


^TLCl\ IX. 


WAX. 

Tins substance, though apparently formed by the Bee, 
has been regarded by chemists as a product of vegetation ; 
and it is undoubtedly secreted by certain vegetables, forms 
a kind of varnish on their leaves or stems, or is mixed 
with their juices. Even that wdiich is applied by the bee 
to the formation of its cell has been supposed to be simply 
collected by that insect from flowers, and, in particular, 
to be derived from the pollen, or fine dust of the anthe- 
rs;, which undergoes a slight elaboration in the body of 
the animal, so as to acquire that tenacity which fits it for 
the purpose to which it is applied. This opinion, how- 
ever, as to the origin of becs-wax, has been rendered 
doubtful, or rather perhaps has been disproved, by the 
experiments of Huber. He has shown, that bees form 
wax when they are denied all supply of the pollen of 
flowers, when they were confined to the hive, and sup- 
plied only with honey, or with sugar ; and to obviate all 
source of fallacy, the comb previously formed was all re- 
moved from the hive, and the bees were confined for such 
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a period) as that no quantity of pollen which they could 
*have been supposed to have collected previous to their 
confinement could have possibly furnished the wax t^ey 
formed. The honey or the sugar) too, always disappear- 
ed as the wax was formed ; and) on the other hand, bees 
confined) and supplied only with fruit and the pollen of 
flowerS) formed no wax whatever. These facts appear to 
prove) that the pollen of plants is not the source of the 
wax which bees produce, but that it is formed from their 
saccharine food) by some changes to which this is sub- 
jected 

Notwithstanding this conclusion, however, there is still 
reason to regard wax as being likewise a product of vege- 
tation. It is the substance, according to Proust, which 
forms the silvery-like down on the surface of the leaves, 
flowers, and fruit of certain vegetables ; and it also exists, 
as he alErmS) in the fecula of certain plants, as in that of 
the house leek, or the green cabbage f. And there are 
vegetables which even afford it in large quantity m near- 
ly a pure state. Such particularly is the plant named 
Myrica cerifera, or wax-tree, a native of Louisiana. The 
seeds of this vegetable are encrusted with a white rough 
anylaceous-like substance, which, when rubbed between 
the fingers, feels unctuous. When they are boiled in wa- 
ter, it is melted off, and swims on the surface. This sub-r 
stance has been examined by Dr Bostock % and Mr Ca- 
det ||, and appears, from their experiments, to have near- 


* Nicholson^s Journal, vol. ix. p. 182. , 

•j* Ibid. vol. V. p. 26. 

% Ibid. 8vo, vol. iv, p, 129. || Ibid, p, 187. 
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ly all the properties of bees-wax. It is concrete ; of mo* 
derate hardness ; has in part the tenacity of bees- wax, but 
without its unctuosity ; is like it inflammable ; and exhii 
bits the same general relations to chemical agents. Some 
of its physical properties are a little different, as its colour 
and sfliell ; and it is rather more fusible, and somewhat 
more soluble in e«her : but these are differences not at all 
essential, and such as cannot prevent it from being regard- 
ed as a variety of the same species. Cadet has observed, 
that there are other species of myrica which afford a si- 
,milar product ; and that other plants, as the Croton sebi- 
ferum, the Tomex selHfera, the poplar, the alder, and the 
pine, yield by decoction a concrete inflammable matter^ 
more or less resembling wax. • 

The substance which has been described by Dr Pear- 
son under the name of White Lac, from India, appears 
extremely similar to this A wax perfectly resem- 
bling that of the wax-tree is also obtained from common 
lac, in which it exists combined with resin, colouring mat- 
ter, and a small portion of gluten *, and is extracted by 
boiling in nitric acid, which dissolves the other principles, 
leaving the wax undissolved. And although this is an ani- 
mal production, being the nidus of the Coccus or Cher- 
mes lacca, yet, as Mr Hatchet in his analysis of this sub- 
stance remarks, it possesses few of the characters of ani- 
mal substances ; and the greater part of its properties, as 
well as of its component ingredients, arc such as more im- 
mediately appertain to vegetable bodies f. From these 


* Philosophical Transactions, 1794. 
f Ibid. 180L 
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facts, it may be concluded, that wax is a product of tbe$ 
vegetable system ; and though also formed by some ani- 
fnals, that, on the whole, it may with propriety be classed 
among the vegetable principles. In its chemical nature, 
it obviously approaches nearly to tlie fixed oils. 

Wax, taking the variety prepared by the bee ^ that 
best known, is a solid substance, brittle^ at a low tempera- 
tureV but acquiring tenacity when very slightly heated, so 
that it can be moulded into any shape. It is tasteless, and, 
when pure, nearly inodorous. Its colour is usually yellow ; 
but this appears to arise from the presence of some fb-, 
reign matter, as it can be deprived' of it, and be rendered 
perfectly white, without any change in its properties. The 
bleaching of this wax, as this process is named, is per- 
formed by melting and running, it into thin plates, which 
Are exposed to the air, dew, and sun, until the colour is 
discharged. The wax of the Myrica cetlfera, which has 
a greenish colour, may likewise be rendered white by 
bleaching. 

Wax melts at a temperature of of Fahrenheit, 
(whi|e wax at 155®) * ; and in cooling, passes through an 
intermediate state of softness to perfect solidity : the myr- 
tle wax is rather more fusible, melting at 109®. Like the 
fixed oils, it is incapable of being volatilized withovit 
change. It affords vapour, however, when heated to ig- 
nition, consisting of its elements in a state of new com- 
bination ; and this vapour, when the air is admitted, burns 
with a clear and white flame. Hence the use to which 
wax is applied in affording artificial light. The products 


* Memoir by Mr Nicholson, Journal, 4 to,- vol. i. p. 70. 
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of its combustion j like those of oil» are water and carbonic 
^acid. From the quantities of these produced In the com- 
buH^tion of a given quantity of wax, Lavoisier inferred, that* 
it consists of 82.28 of carbon, and 17.72 of hydrogen,— 
an inference which can by no means be regarded as accu- 
rate. 'Wkcn decomposed in close vessels, so as to collect 
the products, these are found to be a l^rge quantity of 
thick and empyreumatic oil, a portion of water sensibly 
acid, carburctted hydrogen gas escaping, and a small por- 
tion of charcoal remaining. From this analysis, it must 
^be regarded as containing oxygen as ‘well as carbon and 
hydrogen in its composition. 

Wax is insoluble in water, and equally so in alkohol, 
at least at a low temperature. Dr Pearson found, 'that 
alkohol, by digestion on it, at a temperature of 140®, dis-,. 
solved a quantity ; and Dr Bostock has found, that when 
it is boiled on wax, it dissolves a quantity, amounting to 
about a twentieth of its weight, the greater part of which 
is deposited as the alkohol cools. A small portion, how- 
ever, still remains dissolved, which may be precipitated 
by water. The myrtle-wax is rather more soluble than 
bees-wax. Both are also dissolved by boiling ether, but 
the myrtle- wax in larger proportion than the other ; and 
the greater part dissolved by this fluid is likewise deposit- 
ed as the temperature falls. 

The action of the alkalis on wax is somewhat similar 
to that on the expressed oils ; the combination taking place, 
however, more slowly, and only when the alkaline solu- 
tion is boiled on the wax. Dr Bostock, in his experiments 
on the wax of the Myrica cerifera, found that a soap is 
thus formed, which is sparingly soluble in cold water, and 
# .04 



therefore separates m iloccuii as the liquid cools : in this 
the" wax has lost its fusibility and inflammability, and the 
rompound is decomposed by the acids, the wax re-appcyr- 
ing with nearly its original properties. The action of tlie 
alkali on bees^wax is nearly the same, but rather less com- 
plete. A compound of this kind with bees-wax forms the 
Funic wax of the ancients, which has been used as the 
basis of colours, and in encaustic painting* Ammonia 
boiled on. wax forms with it also a white saponaceous 
compound, soluble in warm, but very sparingly soluble in 
cold water. On vegetable wax, its action is more ener-< 
getic than on bees-wax. 

The acids act on wax with still less force than on the 
fixed*^oils, owing, no doubt, to its state of cohesion* Sul- 
phuric acid, when its action is promoted by heat, is black- 
ened by it, and at length dissolves it, forming a thick 
dark-coloured mass. According to the experiments of 
Beckman, when boiled in diluted nitric acid, it is whiten- 
ed and hardened ; and oxy muriatic acid has been propos- 
ed to be used in bleaching it. Muriatic acid has scarcely 
any action on it. 

It is dissolved very readily by the fixed oils, when a 
moderate heat is applied, and forms a compound of an 
intermediate consistence, more or less firm therefore, ac« 
cording to the proportions. Such compositions form oint- 
ments and cerates in pharmacy. It is dissolved likewise 
by the volatile oils, with the assistance of heat. 

From the properties now enumerated as belonging to 
wax, it is evident that it approaches nearly to the fixed 
mU* The principal difierence is in its firmer consistence, 
and in its relations to some of the chemical agents, parti- 



eularly to the alkalis. It has been generally supposed to 
differ chemically from them, in containing a larger pro- 
portion of oxygen ; though this is by no means clearly 
established. 

The principal consumption of wax, is in obtaining from 
its combustion artificial light. A candle of wax is supe- 
rior to one formed of any other unctuous, matter, in not 
requiring to be snuffed ; the wick burning down equally 
with the body of the candle, and hence the light is always 
clearer and more steady. The reason of this has been 
Hbery well pointed out by Mr Nicholson. In a tallow can- 
dle, as indeed in every bthcrr, the wick takes up by capil- 
lary attraction, the portion of matter fused by the heat of 
the flame : but as tallow is very fusible, a large wicl: i$ 
required, else a quantity of the melted matter would run 
down the surface of the candle ; and this large wick occu- 
pying the centre of the flame, where it is secluded from 
the air, is not itself burnt down, but gives a shadow al- 
ways increasing as it lengthens. In a wax candle, on the 
contrary, the wax being much less fusible, a very slender 
wick is sufficient to draw up by capillary attraction, all 
the matter that is melted ; it therefore obscures less the 
illumination, and at the same time, when it lengthens a 
^little, being so slender and flexible it bends to one. side, 
its extremity thus comes to be without the flame ; it is 
therefore burnt by tKe current of air applied to it in its ig- 
nited state. Hence the flame is always clear, and the 
snuffing of the wick is performed as it were by the com- 
bustion itself*. 


* Nicholson^s Journal, 4to, voL i. p. 76. 
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SECT. X. 

VOLATILE OR ESSENTIAL OIL. 

« * 

The Volatile, though agreeing with the fixed oils in 

unctuosity, inflammability, and some other properties, dif- 
fer from them materially in others* They are volatile at 
a low temperature, and are quickly converted into vapouf 
at the heat of boiling water, without being decomposed ; 
they are soluble in a small proportion in water : they are 
still *more soluble in alkohol, and they do not easily com- 
bine with the alkalis* They are in general odoriferous, 
pungent, and even acrid ; and they are more highly in- 
flammable than the fixed oils* 

- These oils are less abundantly diffused through the ve- 
getable kingdom than many other proximate principles. 
There are many vegetables in which they cannot be dis- 
covered j and they do not exist in any considerable quan- 
tity but in the aromatic plants. In some plants. the oil is 
confined to the flowers, the fruit, the leaves, or bark j 
sometimes it is contained in several of these parts, and in 
a few instances it is found diffused through every part of 
tlie plant* The quantity varies not only according to the 
ago, but also according to the vigour of the plant ; hence 
it is much dependent on climate, soil, and season. 

It is remarkable, that though in general the odour seems 
to reside in the essential oil, yet there are some of the 
most odoriferous flowers, as the violet or jessamine, which 



VOtAmS OIL. 


219 


yield scarcely any essential oil^ diough they lose their fla- 
vour by a gentle heat. 

I Siome of the essential oils being contained in distinct ' 
\'esicles, may be obtained by simple pressure. In this 
manner, essential oils are obtained from femon or orange 
peel. More usually they are obtained by distillation. 
The general process to procure an essential oil, is to ex- 
pose the vegetable substance to heat, along with a large 
portion of water, in the common still. The heat of boil- 
ing water is sufficient to volatilize the oil : it is therefore 
'^s^rried over with the aqueous vapour : both are conden- 
sed in passing through i!he spiral tube connected with the 
still : the water retains the taste and flavour of the plant, 
from having dissolved a small part of the oil ; the greater 
part of it, however, separates, swims on the surface, or in a 
few cases sinks to the bottom, and is easily obtained pure. 
Hence the oils prepared in this way, are named Distilled 
Oils 5 and the waters impregnated with them, Distilled 

f 

Waters. When the process is conducted on a large scale, 
and with the sole view of procuring the oil, the same wa- 
ter is repeatedly used ; as when impregnated with the oil 
in one distillation, it dissolves no larger portion, and the 
loss from this source is avoided. 

f 

The essential ods are in general lighter than water; 
though a few produced from the aromatic plants of hot 
climates, as cloves or cinnamon, are heavier : they are in 
general thin and fluid, though frequently also thick and 
viscid : some congeal at a very moderate reduction of 
temperature, others remain fluid at very intense colds. 
In congealing they assume a crystalline arrangement. A 
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few oils are always obtained concrete, such as that of 
roses. Their colours are various, and each has a peculiar 
* odour and taste ; the odour is that of the vegetable fpm 
which it is extracted. 

The essentia! oils are volatilized by a very moderate 
heat : if a greater heat is quickly applied to them, 3s when 
th^ are distilled without water, they suffer a change in 
their composition and properties ; hydrogen is evolved, 
and charcoal is obtained as a residuum. 

These oils exposed to the air, sufler a gradual change. 
They lose a greit part of their smell 5 are thickened ; and'" 
at length become nearly concrete^, depositing at the same 
time, crystals of an acid nature. From these changes it 
wasf formerly concluded, that oils are not homogeneous 
in their composition, but consist of a subtle and volatile 
odorous matter, and of another more fixed ; and that the 
changes the oil suffered from exposure to the air, were 
owing to the escape of the more volatile part. For this 
opinion there is no foundation ; and these changes appear 
to arise from absorption of oxygen, which has been de- 
monstrated by experiment ; this appears to oxidize a por- 
tion of the oil, so as to form an acid similar to the benzoic ; 
but the greater part of it, either by the loss of part of its 
hydrogen, or partly from this, and partly from the fixa- 
tion of oxygen, is converted into a substance of a resinous 
nature. Water is also said to be formed in small quan- 
tity. 

The volatile oils when heated, are inflamed even 
more easily than the fixed are, and their combustion is 
more rapid, owing probably to their greater volatility. 
The products of the combustion are water and carbonic 
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acid. Tliey yield mote water than the fixed olU do; 
whence they consist of carbon and hydrogeni united per-« 
/haps with a portion of oxygen: and they differ from the 
. fixed oils» in containing more hydrogen proportioned to 
their cs^rbon. To this probably are owing their greater 
volatility and inflammability. Hence also, when fixed oils 
are exposed to heat, they are partially decomposed } part 
of the oil passes over, and a quantity of carbon is left in 
the vessel. By the separation of this carbon, the oil that 
has distilled over is found to have its properties altered, so 
as nearly to resemble the volatile oils : it is more volatile 
and inflammable, and is soluble in alkohoL 

The essential oils are dissolved by water, but in very 
small quantity, only as much as communicates their fla- 
vour and taste. Distillation is not necessary for this com- 
bination being effected, mere agitation is suflicient ; and 
thus waters may be formed, as strongly impregnated as 
those which are distilled. 

The essential oils are much more soluble in alkohol ; 
and this forms one of the principal distinctive characters 
between them and the fixed oils. Some appear to com- 
bine with the alkohol in every proportion, others in limit- 
ed quantities ; and ‘there are some which are even spar- 
'ingly soluble, as oil of lemon peel or of turpentine,— af- 
fording in common, with many other facts relating to the 
chemical relations of the vegetable proximate principles, a 
proof that in each the properties are not perfectly uniform, 
but exhibit gradations, undoubtedly from slight variations 
in the composition which constitutes^the species. The so- 
lutions of the essential oils in alkohol, arc decomposed by 
the affusion of water, which attracts the alkohol ; the oil 
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is separated^ and being diffused through the fluid in mU 
• flute globules, renders it milky. ^ 

The action^ of the acids on the essential oils, is more 
violent than their action on the iixed oils. Sulphuric acid 
blackens them instantly, and sulphurous acid and/:arbon- 
ic acid gases are disengaged with sudden effervescence 
and a considek'able elevation of temperature. Nitrous 
acid acts with such violence, as often even to inflame the 
oil ; and the inflammation almost always takes place when 
a little sulphuric acid has been added to the nitrous aeid, 
immediately before its affusion op the oil. If the nitric 
acid be added more slowly, and with precaution to guard 
against inflammation, it appears from an experiment per- 
formed by Chaussier that prussic, malic, and oxalic 
acids arc formed ; the remaining oil is converted into a 
viscous resinous substance, and much carbonic acid, nitric 
oxide, and nitrogen gases arc evolved, during the opera- 
tion- The action of muriatic acid is less violent; it 
deepens in general the colour of the oil, and thickens it. 
The oxymuriatic converts these oils into a resinous-like 
matter. 

The essential oils combine with difficulty with the fix- 
ed alkalis. By long trituration of the pure alkali with the 
oil, a combination is effected, and a saponaceous com-'^ 
pound is formed ; which is much less perfect, however, 
than that formed by the fixed oils with the alkalis, and 
generally decomposes on keeping. From the observations 
of FeUetier, it would appear, that when the alkali is satu- 
rated with carbonic acid, it combines more easily and per- 


Jourral dc I’EcoIe Polytcchnique, Cah. iv. p. Gl\. 
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fectijr vrith the essential oilsi than vAien it is piUe : and 
i[ie has supposed, that the indirect processes emjdoyed by , 
jthe chemists to form these combinations, some of which 
^ -^ere medicinally used, succeeded in consequence of the 
absorption of carbonic acid from the atmosphere 

Liquid ammonia, distilled with the essential oils, dis- 
solves them but very sparingly. It combines readily, how- 
ever, with them when they are dissolved in alkohol. 

These oils are capable of dissolving sulphur. The 
coijnpound has an offensive smell and taste. From the 
saturated solution, part of the sulphur separates on stand- 
ing in transparent crystals. 

They likewise dissolve phosphorus ; and from this sa- 
turated solution the phosphorus is also deposited in a 
crystalline form. Some of these solutions, that in oil of 
cloves for instance, are luminous, without giving out 
much heat. 

They decompose some of the metallic salts, first at- 
tracting the oxide, from which the oxygen continues to 
be slowly attracted, probably by the hydrogen of the oil, 
so that the metal is at length precipitated in its pure 
form. 

The volatile oils unite in some measure with mucilage 
^ ^r with sugar ; and by the medium of either of these they 
may be suspended in water. 

They are in general used as perfumes, or in the prac^ 
tice of medicine. Some of them enter into thejcaiAposir 
tion of varnishes. 

These oils are frequently adulterated, either by the ad- 


* Alcmoires dc Chimie, tom. i. p. 528* 
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£tion 6{ fll6me cheaper essential oil» as that of turpentine^ 

, of a pure fixed oil, as oil of almonds, or of alkohoL The 
first is betrayed by its smell, when a little of the adulter- 
ated oil dropt on paper is heated before a fire, so as \o ^ 
volatilize it } the second by the oil dropt on paper leaving 
a greasy stain, even after the paper has been exposed to 
as high a heat us it can bear, and by not being soluble in 
alkohol ; the third by becoming milky whenever it is 
mixed with water. 


SECT. XI. 
camphor. 

' Camphor is a principle of vegetables which in many of 
its properties resembles the volatile oils. Like them it is 
odorous, pungent, volatile, inflammable, sparingly soluble 
in water, and abundantly soluble in alkohol. It differs 
from them principally in its concrete form, in its peculiar 
odour, in its relations to the acids and alkalis, and the re- 
sults of its decomposition by beat. 

Camphor is a principle contained in many vegetables^ 
especially the aromatic pla*nts, and even those of our own 
country, as peppermint, rosemary, marjoram, and others : 
it appears to be volatilized in combination with their es- 
sential oil in the process of distillation, and, when these 
are long kept, is deposited in a crystalline form. Proust 
extracted it in this way in considerable quantity from 
of lavender, of sage, and other labiated plants ; the 
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firstj bf spdbtaneous evaporatloDi aflFording one-fourth ; 
the second on^-eighth of its weight : and he even suppo- 
that it might thus be produced on a large scale. The 
process he followed with this view was to distil oil of 
lavender with the heat of a water bath inferior to 212% 
until one-third had passed over ; the remaining quantity 
when cold affords c^mphor^ which may be separated frqm 
the adhering oil by pressure between folds of bibulous 
paper, and which, when refined by sublimation with a lit- 
tle lime, afforded a white concrete similar to common cam- 
phor, but retaining somewhat of the odour of the essen- 
tial oil The same plants in ‘this country, however, 
certainly do not contain any proportion of camphor, such 
as Proust describes ; and it is even probable, that part at 
least of the camphor deposited from essential oils that 
have been long exposed to the air, has been actually form- 
ed from changes in the composition of the oil. 

Camphor exists also in the roots of some aromatic 
plants, and has been extracted from those of cassia, cin- 
namon, and elecampane. The camphor of commerce 
is procured, however, from a particular plant, the Laurus 
camphora, a native of the East of Asia. It exists ready 
formed in the wood of this tree, can be seen interspersed 
through it in vesicles, and can be picked out. It then 
' forms what has been named Native Camphor. It is u- 
sually procured, however, by the process of sublimation. 
The wood of the stem and branches, cut into small bil- 
lets, is exposed with a little water to a moderate heat, in 
a kind of alembic, to the head of which is adapted a ca- 


* Annalea de Chimie, tom. iv. p. 179. 
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phaJ in which straw is put. The eamphoT ii veJatUized, 
^ and attaches itself to the etraw» It is a little impure^ but 
is purified in Europe by a second subliinadon. 

The camphor of commerce, from its mode of prepara- 
tion, is in the form of large semi-spherical cakes : when 
broken, it appears in fragments of a texture somewhat 
stiiated, having '3 degree of ductility, in consequence of 
which it can be compressed, and is not easily reduced to 
powder.; of a white colour, and semi-transparent ; a little 
unctuous to the feel ; having a very strong, peculiar, and 
rather fragrant odour, arnl a taste which is pungent and 
bitter. It is also susceptible of crystallization : when 
slowly sublimed, or when slowly precipitated from its so- 
lution in water by the afiusion of alkohol, it appears in 
the form of acicular prisms. 

Camphor, though a concrete substance, is even more 
volatile than the essential oils. It evaporates quickly at 
the common temperature of the atmosphere, losing in 
weight, s^d an angular fragment becoming spherical ; and 
at a temperature between 100 and 150, it sublimes in close 
^i^sseis unchanged. If heated under compression, or even 
ifVuddenly heated under the pressure of the atmosphere, 
it becomes fluid before it passes into vapour ; and in the 
process of subliming it in the large way, the heat is so ap- 
plied, that the camphor is kept fluid, and the sublimed 
cake is thus obtained more dense. The temperature at 
which it melts is, according to Venturi, 302® of Fahren- 
heit, 

It is highly inflammabk, kindles very readily, and bums 
witii the emission of much light, and with a dense black 
smoke, which condenses into a smooth light charcoal. 
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Carbonic gas is produced# and a portion of tkc pecUk 
liar acid which has been named Camphoric Acid 
SCampbor is very sparingly sduUe in , water* When 
riturated with it# it merelf commuDipates its smell and 
taste to the. water# which remains ocUmeous# and somewhat 
pungent} even when filtrated ; but no appreciable quanti- 
ty is dissolved. A* phenomenon which has excited sopae 
attention is presented# when pieces of camphor are placed 
on the surface of pure water* They soon begin to move 
with rapidity# and while moving dissolve# the solution 

t 

taking place at the line where the water and the air are in 
contact ; as is proved 6y immersing a cylinder of cam- 
phor in water part of its length ; it becomes exca- 
vated# and at length is cut through# exactly on a level 
with the surface of the water $ and the motions of the 
camphor are# according to Venturi# owing to this cause; 
or# as he, has expressed it# the rotation of small pieces of 
camphor at the surface of water is the mechanical effect 
of the re-action which the oily liquor# (into which the 
camphor# by the solvent power of the air and wfter# is re- 
solved)# extending itself upon the water# exercises against 
the camphor itself 

Camphor is abundantly soluble in alkobol : the solution 
i^ immediately decomposed# and the camphor precipitat- 
' cd in the form of a white powder# by the affusion of wa- 
ter ; but if the water be very slowly added# and merely in 
such a quantity as to weaken the affinity of the alkohol 
to the camphor# the latter# in separating# presents a den- 


* Nicholion’s Journal, voL i« p, 207. 
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erystaUization. It is also «olid>leiia eii^essed and 
essential oils. • 

« 

The alkalis do not dissolve camphor^ or produce od it 
any sensible change. Of thO eardis» magnesia appears to 
' exert some action on it5 as, when they are triturated to<^ 
gether> the camphor is reduced to a smooth impalpable 
powder, which is easily diffused in water. 

The action of the stronger acids on camphor is pecu- 
liar, and presents some singular results. 

Sulphuric acid digested on it renders it brown ; and at 
length a brown or reddi^ solution is obtained, from 
which, on the addition of water, camphor is again preci- 
pitated. This, however, it has been remarked by Mr 
Hatchet, in his late experiments on the formation of arti- 
ficial tanin, takes place only at a certain stage of the pro- 
cess $ and he has investigated other changes which hap- 
pen with mote precision. One hundred grains of cam- 
phor beihg added to one ounce of concentrated sulphuric 
acid, it gradually dissolved, forming a solution which| 
from yellow, deepened to a blackish brown *, much sul- 
phuric acid gas having been disengaged : at the end of 
two days, the production of this gas had ceased : the ves- 
sel was placed in a sand-bath, by which it was for a time 
renewed.. At the end of »two days more, six ounces q £ 
w^ter were gradually added ; a coagulum of a reddish 
brown colour was formed j the odour of sulphurous acid 
ceased, and was succeeded by one resembling that of a 
ihixture of oils of lavender and peppermint. The whole 
was then distilled gradually ; the water impregnated with 
this odour came over, accompanied by a yellowish oil, 
amounting to about three grains* When the whole of the 





■Ktiifet had distilled ovift there was a sl%llt production of 
sulphurous acid gas : two ounces of water Ixrer^ then, 
Mded, and the distillation continued until isi dry blat^cish 
brown mass remained: by 'the action of alkoholj part of 
this was dissoltredi part remamed undissolred : the latter, 
which amounted in quantity to 53 grains, had the appear- 
ance of a compact coal : the dissolved matter had die pro- 
perties of tanin : it weighed, whehv obtained solid, 4*9 
grains. Into these three substances, therefore, the cam- 
phor had been resolved, by the action of the sulphuric 
acid causing its elements to enter into nevT combinations, 
and perhaps imparting a little oxygen, as there was an in- 
crease of weight equal to 5 grains 

The action of nitric add on camphor is very different* 
In the cold it dissolves it, and the solution divides into 
two portions,— one a yellowish liquid of an oily-like ap^ 
pearance, which floats above the other that appears more 
watery. The first contains camphor in a state of solution 
in nitric acid, and is decomposed by the afFusioj^of water : 
part of the camphor has, however, been changed in its 
composition ; for not more than two-thirds of the portion 
operated on can thus be recovered : the remaining quan- 
tity appears to exist in the state of an acid, with a quan- 
tity of nitric acid in the watery fluid beneath. By the 
greater number of the other acids camphor is dissolved. 
Muriatic acid gas and fluoric acid gas dissolve it, and 
form a combination which is decomposed by wat^r \ and 
liquid muriatic acid, as well as acetic acid, easily effect its 
solution ; and Bergius found, that water impregnated 


* Philosophical Transactions, 1805. 
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wi&iicai^cffic acid dissolved a laif«r of it liban 

4 «*t water*. • ^ 

3f distUliog nitjdc aeid from caatptbor, it is more com- 
{detely changed, md hj ^is p0te»s is converted into an 
acid which has i^pceived the naow of Camphoric acid. 
The process cdnststs in distilling -from 4 euncM of cam.* 
pher fr} a retm;*, 1 lb. of mtric acid, so far dUoted as to 
he of ^ il^ecific gravity of 1*83, -the beat -being gradu- 
ally allied -by ^ medium of a sand-baith : nitric oxide 
and cazboaic sqi^ gttres are disengaged ^ part of the cam- 
phor ri«QS in vt^ur, wbHe the fodier past receives oxygen 
from the-acid. When the m^murs have «eased, the re* 
ceiver is to be unluted } the <^aa^)bor condensed in it is 
to be returned into the mow, imotfadrpcmnd of acid add- 
ed, and the distilhi^n is to be mnewed. Hiis operation 
is to he repeated, until all the camphor is acidified. Ac- 
cording to Lagrange, who performed this experiment with 
care, abont 8 pounds of nitric acid of the above strwigrii 
are requkiid to acidify 4 ounces of camphor f. At the 
end of the experiment, the camphoric acid crystallizes in 
the rem»ning liquid. The liquid is decanted off, and 
the crystals being placed on a fibre, are wariied with dis- 
tilled water, to osaty off any adhering nitric acid. They 
amount tp nearly half the weight of the cam^or. .. 

Camphor nay be decomposed by heat r and the expe- 
timent is instructive, as pointing out the peculiar nature 
of this principle. Some management is requisite to sub- 
mit it to a heat sufficiently high, and at the same time 


* Materia Mediea, p. 320. 
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its volatUizatwi. The prpoeta which has been- 
x^oilowed, is 4) mix it with pnre ctay i six parts of clay bf- 
used to one of camphor V both are redp^d to pow- 
der, and when intimately mixed, the i^ti^e is made in- 
to a paste with water, which is made up intP small balls, 

, and well dried. These balls are exposed in a retort to a 
beat gradually raised, the retort being connected with a 
receiver contaijoiog a portion of distilled water. Part of 
the camphor is sublimed, but the greater part of it is de- 
composed ; an oily fluid distils over, which swims on the 
■ 

surface of the waters a frprtionof camphoric acid is like- 
wise produced} which Ihe water dissolves, ^nd there re- 
mains in the retort a quantity of charcoal mixed with the 
clay, and. giving to the whole a deep black colour : there 
are disengaged too in the course of the experiment, car- 
buretted hy(kogen,and carbonic acid gases. 'From ^ ounces 
of campl)or there are obtained, according to Lagrange, by 
this process, 12 drachms of oil, and 8 drachms of char- 
coal, besides the camphoric acid and aerial fluids *'• 

The oil of camphor, as this product of the decomposi- 
tion has been pamed, is of a golden yellow colour i has 
an aromatic jb. r resembling that of thyme or rosemary, 
and an acrid burning taste, leaving, however, a sense of 
qoolness impressed on the tongue. , It is volatile : when 
exposed to the air it partly evaporates, and there remains 
a thick yellow matter, which at length jalso entirely eva- 
porates. It is also volatilized by heat, and is infl^ma- 
ble. Alkohol dissolves it entirely, and the solution is im- 
mediately rendered milky, but without any precipitate pn 

^ Nicholson’s Journal, 4?to, vol. ii. p. 199. 
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the affusion of water. It combines with the pure alkalis^ 

^ affording a compound soluble in water, and which has th^, ^ 
characters of the soap ma^ with volatUe oils. Wfien 
brought into contact with oxyn^uriatic acid, this oil be- ' 
comes very white, but' no precipitate appears. 

This substance has evidently the properties of a vola- 
tile oil ; and hence the decomposition of the camphor in 
which it is produced, points out the chemical constitution 
of this principle. As it is resolved into this oil and into 
. charcoal, or compounds containing carbon, it is obvious, 
that it differs from the volatile oils principally, if not sole- 
ly, in the laager quantity of carbon which enters into its 
composition. 

ft has already been stated that when the vapour of 
camphor is transmitted through an ignited glass tube, it 
is resolved principally into u species of oxy-carburetted hy- 
drogen gas, of a greater degree of specific gravity than 
the greater number of the gases of this family ; consum- 
ing also a large quantity of oxygen in its combustion, and 
affording a large proportion of carbonic acid from that 
process : containing, therefore, evidently a large quantity 
of carbon in its composition. ^ 

'» 

The Camphoric acid produced by the preceding pre^ 
cesses, has been particularly examined by Lagrange, who 
has found reason to conclude, that it is different from all 
the known acids. It has a slightly acid bitter taste, and 
reddens infusion of litmus. Its crystals effloresce on ex- 
posure to the air $ they are sparingly soluble in cold wa- 
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tHr> an ounce of water at 50” of Fahrenheit} not disaolv* 
,^ng more than 6 grains ; at 212”} about 48 grains are dis- , 
s^ved. When the add is placed on ignited fuel} it emits 
a dense aromatic vapour} and is entirely dissipated. By 
applying heat to it in close vesselS} it first meltb and sub- 
limes, but by a higher heat its properties are changed ; it 
no longer reddens litmus, acquires an aromatic smell, its 
taste is less penetrating, and it is no longer soluble in wa- 
ter, or in sulphuric or muriatic acid. Nitric acid heated 
on ^it, turns it yellow and dissolves it. 

Camphoric acid is soluble in the mineral acids t it is 
likewise soluble in alkohol, and in the volatile and iixe^ 
oils. It produces no change in sulphur. 

The salts formed by this acid, with the alkaline, earthy, 
and metallic bases, are named Camphorat£s. T%eir 
properties have been examined by Lagrange *. Their 
taste is somewhat bitter : they are decomposed by beat, 
the acid being sublimed ; and they all exhibit a blue 
flame when heated before the blowpipe. The alkaline 
and earthy camphorates are formed by adding the cam- 
phoric acid to the alkali or earth, either pure, or in the 
6tate«>of carbonate; the carbonic acid, in the latter case, 
being disengaged. 

.A Camphorate of potassa is sparingly soluble in cbld, but 
abundantly soluble in boiling water ; it crystallizes, oil 
cooling, in crystals of six sides, white and transparent, 
and having a bitterish taste. It is also soluble in alkohol* 
It is slightly deliquescent in a humid atmosphere ; is fus- 
ed, and then decomposed by heat, s^nd, as all the cam- 


* Annales de Chimic, tom. xxvii* p* 1 9* 
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{iterates -4o, bums with a blue flaii^ Caiaphorate<tf to« 

da u jrather less soluble than that of potassa^ieither in cold 
• ^ 
or srai^ water : its crystals are qot of a regular form ; 

they are white and. transparent, and have a bitterish taste. 
Tbf y sure al!M> ^okble in water r they ate slightly efflores- 
cent.; are decomposed by heat in the same manner as the 
other. Caropliorate of ammonia is *not easily obtained 
. crystallized : its solution^ evaporated by a very gentle 
heat, giving a solid matter, not transparent, which has 
nearly the same degree of selubility as the camphorate of 

t 

potassao It is also soluble in alkohol ; is deliquescent, and 
decomposed by beat. 

The earthy are much less soluble than the alkaline 
campboratess Camphorate of lime is sparingly soluble in 
water, sufficiently so, however, to remain in solution when 
the acid is dropt into lime-water. When this solution is 
evaporated, the salt is deposited, on cooling, in crystalline 
plates, of a white colour. It is efflorescent : like the other 
Campborates, it is decomposed by heat. It is insoluble in 
alkohol. The camphorate of barytes is prepared in a si- 
mMar manner ; and by evaporation it is obtained, when the 
liqnpr cools, in crystalline plates. It is very sparingly so- 
luble in water ; is not altered from exposure to the air. 
Its tssie is^ slightly bitter. Camphorate of magnesia is 
pzepacad by adding camphoric acid to carbonate of m^- 
nesia* difflised ip water, filtrating the solution, and eva-^ 
porating it : the salt is deposited in crystallme plates, 
white, opaque, and slightly efflorescent. Its taste is bit- 
ter,: it is very sparingly, soluble in water, and also in al- 
kohoL Camphorate of argil is prepared by a process si- 
milar to that by which the last salt is obtained : on eva- 
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poratiM and coolingi it ia ^posited in the atate of a white 
powder, having a taste somewhat hitter and styptic. It 
is Soluble in about ^0 parts of icokl water, and in a mudi 
less quantity of boiling water. It is also spiaringly aola« 
ble in alkohol, but moxe abundantly if the temperature be 
raised.' It decomposecf by heat, and, like the other 
camphorates, burns 'with a blue flame. 


Camphor is not only a native production ; it has been 
lately discovered, that it is capable of being artificially 
formed. This rather singular fact occurred to a Mr Kind, 
a German chemist, in forming a medicinal preparation, by 
passing muriatic acid gas through oil of turpentine. " The 
oil acquired at first a yellow colour, afterwards a pale 
brown colour, which, towards the end, turned to a deep 
brown. After cooling, the liquor was almost wholly coa- 
gulated into a crystalline mass, which in every respect 
comported itself like camphor " The agency of the mu- 
riatic acid in giving rise to this result, he supposes to de- 
pend on its great tendency to combine with water, in 
consequence of which it determined the union of the 
principles of this liquid (oxygen and hydrogen) in the oil, 
so that the carbon became predominant. He farther ob- 
" serves, that though a similar production of camphor had 
not been before noticed, yet Meyer speaks of a concretion 
of a camphoric nature, formed in oil of turpentine, digest- 
ed with dry caustic salt; andTrommsdorffobservedafiamt^ 
ation of camphor, on distilling essentiail oils on lime ; and 
in both these cases, the same cause may be supposed to 
have operated. 
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Trommsdorff repeated Kind’s experimenti and ob- 
, tained similar results. A concrete matter was procure^- 
which» when dry, was white and semitransparent; its 
odour was strong, analogous to that of camphor, though 
injured by that of the turpentine. When heated, it was 
volatilized, with a strong smell of camphor,, and Without 
leaving any residuum : in close vessefs it sublimed : in the 
open air its vapour inflamed. It was dissolved entirely by 
alkohol, and was precipitated unaltered by water. It dis- 
solved with facility in almond oil. Concentrated nitric 
acid effected its solution, at first calmly, but afterwards 
with a disengagement of nitric oxide gas. The mixture 
became turbid by the addition of water, but did not de- 
posite camphor, — the only circumstance attending these 
experiments in which this substance differed from com- 
mon camphor, and which Trommsdorff supposed might 
be owing to the presence of a little muriatic acid, or oil 
of turpentine. 

These experiments were repeated by Boullay, in con- 
junction with Cluzel and Chomet, from whose memoir * 
the above account is taken ; and they have added a num- 
ber of other facts connected with this artificial formation 
of camphor. 

From four pounds of oil of turpentine, put into the 
first bottle of Woolfe’s apparatus, and submitted to the 
action of the quantity of muriatic acid gas transmitted 
through it, disengaged from four pounds of sea-salt and 
two pounds of sulphuric acid mixed in a retort, they Ob- 
tained, at the end of the experiment, which exhibited thq 
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Same phenomena as had been described by Kindi twenty 
ounces of a CTystalline matter. When the broumish lU 
(^id which had been' withdrawn from this matter had^ 
stood several daySi four ounces more* were deposited 
and on exposing the remaining liquid to intense cold, two 
ounces more were obtained, thus aflFordingi on the whole, 
seven ounces and a'half of tliis matter for,each pound.of 
oil of turpentine employed. When the proportion of 
muriatic acid gas transmitted through the oil was increas- 
ed, the precipitation of the crystalline matter took place 
in nearly the same quantity. 

This matter, washec^ in distilled water, became of a 
beautiful white colour : it gave no signs of acidity, but 
had still an odour of turpentine. When washed with 
water having dissolved in it carbonate of potassa, it lost 
much of this odour. When mixed with an equal weight 
of charcoal powder, of quicklime, or of dry argil, and 
sublimed, in each of these processes, a mass was obtain- 
ed in the capital,, composed of needle-formed crystals in 
groupes. Thus purified, it had entirely lost the odour of 
oil of turpentine : that which it retained was analogous 
to that of common camphor, but not so strong. It swims 
on water, and communicates to it its taste : it is completely 
dissolved in alkohol, from which it is separated by water 
unaltered. 

So far in its properties it is the same with natural cam- 
phor : in others, however, it is somewhat different. Ni- 
tric acid in a diluted state, which dissolved common cam- 
phor readily, had no effect on it. The concentrated acid 
had at first no action on It ; but, after a few seconds, a 
solution is effected, nitric oxide gas being disengaged ; 
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.while the same acid dissolved common camphor^ diffiis^i 
ing white vapours. Neither did acetic acidp which readi*^ 
ly dissolves common camphor, act upon this artificial sflS- 
stance in the cold. On applying heat, it softened, and 
seemed to dissolve it ; but, on cooling, it was all collect- 
ed on the surface of the acid, with its properties unal- 
tered. 

When the similarity of this product in so many Other 
properties to camphor is considered, these differences are 
perhaps not sufficient to invalidate the conclusion, that it 
may be regarded as a variety of this principle. 

The French chemists found, that when oil of turpen- 
tine was kept for three days in a sand-bath, the tempera- 
ture of which was about 120^, a very light and volatile 
oil was condensed in the receiver, and in the capital many 
small crystallizations of true camphor ; but they conclude, 
that although this appears to prove, that a quantity of 
camphor exists in this oil, yet it could not have contained 
so large a quantity as that obtained by the action of mu- 
riatic acid gas on the oil ; part least, therefore, of which 
must have been formed during the process. They farther 
found, tliat the other volatile oils afforded no camphor 
when subjected to the action of the muriatic acid gas. 

The liquid wbicji is produced along with the camphor 
appears, from their experiments, to contain a quantity of 
oil soluble in alkohol and ether, and of muriatic acid. 
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SECT. XII. 

P.ESIN. 

The principle to' which this name is given, exists abtm- 
dantly in the vegetable kingdom, and is one of those proxi- 
mate principles, the characters of which are most dis- 
tinct and obvious, and which has been therefore longest 
known. It is often in combination with some of the 
other principles, particularly with gum, essential oil, and 
extract. But there are also vegetables which exude juices 
that concrete into a matter entirely resinous, and it is 
from these that the characters of the species are taken. 
The essential characters are existing in the solid form, be- 
ing altogether insoluble in water, but perfectly soluble in 
alkohol, and in essential and expressed oils; and being 
incapable of being volatilized without decomposition. 

The resinous juices obtained, either by spontaneous 
exudation, or from incisions in the vegetables affording 
them, always contain a portion of essential oil, which, 
from exposure to the aii, is either volatilized, or changed 
so as to be converted into resinous matter, or sometimes 
the oil is abstracted by distillation. In some plants, tbe con- 
crete resin is deposited in the interstices of the wood, or 
other parts of the plant. When combined with gum or 
extract, it can only be separated by a chemical process ; 
and the one generally followed is, to dissol^ the resinous 
matter by alkohol, and precipitate it from this solution by 
the affusion of water. 
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Resins when concretci are brittlei and have generally. a 
smooth and oonchoidal fracture ; their lustse is peculiar, 
and has even been selected as affording one which is 
characteristic, denominated by mineralogists the Resinous: 
they are more or less transparent, and of a colour which 
is generally some shade of yellow or brown. Their spe- 
cii^c gravity is .rather greater than that of water : they are 
often odorous and sapid, though neither of these qualities 
is essential to a resin, and some are insipid and without 
smell. 

Resins are fusible, and melt from a very moderate heat. 
When cooled they become solid,' without any change in 
their properties. 

They are not volatile : for although when strongly heat-* 
ed, a vapour arises from them, this is either from a por- 
tion of volatile oil which has adhered to the resinous mat- 
ter, or is the result of decomposition. When the heat 
rises nearly to ignition, this vapour takes fire, and the re- 
sins themselves are all inflammable. They afford in their 
combustion, water, carbonic acid, and a very dense smoke 
which condenses into a fine charcoal. When subjected 
to decomposition by heat in close vessels, they afford wa- 
ter, a portion of acid, carburetted hydrogen and carbon- 
ic acid gases, and a residuum of charcoal. They appear 
therefore to be compounds of carbon, hydrogen, and oxy- 
gen ; and differ from the volatile oils in containing either 
more oxygen or more carbon. These oils appear to be 
convertible into them by long exposure to the atmosphere, 
and it is not very evident whether this is owing to the 
oxygen directly combining with the principles of the oif, 
or to its combining with its hydrogen, forming water, and 
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leaving the oil of course with an enlarged proportion of 
carbon and o5cygen. • 

All these substances are insoluble in water, and are 
not affected by this fluid. Neither do they suffer any al- 
teration from exposure to the air ; hence from both 
qualities, they are used as the basis of varnishes, with 
which the surfaces of substances are coveifed, that require 
to be protected from the action of air and humidity. 

Resins are soluble in alkohol *, some of them, however, 
more sparingly than others. Those which are most dif- 
ficultly soluble, have their solubility promoted by the ad- 
dition of camphor. Their solutions are decomposed by 
the addition of water, and the resinous matter precipitat- 
ed. They are soluble likewise in ether, and in volatile 
and expressed oils : and camphor exerts a marked action 
on them ; when beat with any resin or gum resin, it ren- 
ders it soft and nearly liquid. 

From the experiments of Mr Hatchet it appears, that 
resins combine with the alkalis. In examining the sub- 
stance known by the name of Lac *, and which consists 
principally of resin, with smaller portions of wax, gluten, 
and colouring matter, he found, that it was completely 
soluble in solutions of potassa and soda, forming sapona- 
cc5us compounds, which are decomposed by acids, and 
the resin again precipitated. Aiul by further experiments 
he found, that other resins arc dissolved likewise by the 
alkalis. Facts of this kind had even been known to the 
older chemists : thus copal, which of all the resins seems 
to be least easily acted on, was known to be perfectly dis- 
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solved by pure alkalis, the solution being precipitated by 
^cids These alkaline solutions may even»serve as var- 
nishes, and in the composition of pigments. The alka- 
line carbonates, and even salts, having a slight excess of 
alkali, as common borax, exert a similar action, only less 
energetic. The solvent action of ammonia on the resins, 
is not so complete as that of the fixed alkalis. 

Resins are also soluble in some of the acids, and by 
others are decomposed. On this subject the most accu- 
rate information is to be derived from Mr Hatchet’s ex- 
periments +. Concentrated sulphuric acid poured on any 
resin in powder, dissolved it, he found, in a few minutes ; 
the solution being transparent, of a yellowish brown 
colour, and an oily appearance. Though the resin ap- 
pears at first to be merely dissolved, this is not perman- 
ent I progressive alterations taking place in the dissolved 
matter ; the principal product of these changes in a cer- 
tain stage of the process, is a substance which has almost 
all the characteristic properties of the vegetable substance 
known by the name of Tannin ; this, however, is also 
changed by the continued action of the acid, and is ulti- 
mately converted into charcoal. 

Nitric acid also acts on resins ; but the nature of its 
action, it is observed by Mr Hatchet, appears to be cen- 
versely that of sulphuric acid : with the latter acid, solu- 
tion precedes decomposition ; but with nitric acid decom- 
position to a certain degree precedes solution : for it at 
first converts the resins into a pale orange coloured, brittle. 


* Materia Medica Bcrgii, p. 899. 
f Philosophical Transactions, 1804, 1805, 1806'. 
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porous substance, then into a product which apparently 
possesses thc^ intermediate characters of vegetable cxtrac * 
tive matter and of resin ; and, lastly, into a variety of the 
tanning substance ; different proportions of this being af- 
forded ^by different resins. 

There is one acid, however, which appears to be a di- 
rect solvent of resins, without materially altering tlieir 
composition, — the acetic acid. Mr Hatchet observed its 
solvent power, in his analysis of lac *, the whole of the re- 
sin, of that substance being dissolved by it, with the as- 
sistance of heat, a portion being deposited as the liquid 
cooled, but a part still remaining dissolved, which was af- 
terwards precipitated by w’ater. 

A number of resinous substances are met with in com- 
merce, being used in medicine or the arts ; such as copal, 
sandarach, mastic, dragon’s blood, elemi, and the resins ob- 
tained from the juices of the different species of pine. 
These, though a general analogy exists among them, still 
differ somewhat in their chemical properties, so as to lead 
them to be regarded as varieties of one chemical species. 
They hence require some separate notice. 

The juice of the Pinus larix, balsamea, sylvestris, and 
abics, consists principally of essential oil and resin. Tlie 
oil when separated by distillation, whicli it is usually from 
the Pinus larix, is known by the name of Oil of Tur- 
pentine, and the substance which remains is the common 
resin, or rosin of the shops. It is of a white or yellow 
colour, and has hence the names of Resina fiava^ and Re^ 
sina alba. Its properties are those of a pure resin, above 
described. 

Sandarach is the produce of the Juniperus communis, be- 



ing secreted and deposited beneath the bark, or exuding 
through it. It is in small round fragments, d? a yellowish 
colour, semi-transparent, and brittle, having a very slight 
odour, and scarcely any taste. It is entirely soluble in al- 
kohol, and is used in the composition of some of the spirit 
varnishes. Mr Nicholson remarks, that it is not soluble 
in (Jil or mclted*tallow, in which it differs from resins *. 

Mastich is the produce of the Pistacia lentiscus, by ex- 
udation: it is in small rounded masses, of a yellowish 
colour, semi-transparent : it has scarcely any taste, and 
its smell is perceptible only when it is heated. It is so- 
luble in alkohol, but not entirely. Mr Mathews found, 
that. nearly a fifth part of it remained undissolved : this 
residual matter, after repeated washings with alkohol, was 
white, considerably elastic, adhesive, and inflammable. It 
had much the appearance of caoutchouc, and, from some 
comparative experiments, it appeared to have very nearly 
the same chemical properties. Mr Brande has remarked, 
that it differs from it, in becoming hard when dried, by 
exposure to the air. 

Copal is a resin possessed of sonic peculiar properties, 
and valuable, as serving to form the finest varnishes. It 
is the produce of the Rhus copallinuni, a native of Mexi- 
co : it appears to have exuded from the stem or branch- 
cr. in a li<iuid or soft state, and to have afterwards become 
concrete. It is in large fragments, smooth and brittle, 
transparent, or nearly so, without colour, or having only 
a slight tinge of yellow i its taste is weak, and it has 
scarcely any smell : when chewed, it does not become 
tough, as mastich does. Like the other resins, it is fusi* 
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ble, inflammable^ and altogether insoluble in water. The 
property in Vhich it differs from the greater number o{ 
them is its very sparing solubility in alkohol : when di* 
gested in that fluid, with the assistance of heat, part of it 
assumes the appearance of an opaque, soft, viscous mass ; 
a small portion only is dissolved, and the greater part 
of this subsides as the liquid cools. Camphorated alko- 
hol, Bcrgius states, dissolves the greater part of it ; and a 
perfect solution is obtained, he remarks, when camphor 
aivl copal are put together into alkohol, owing, no doubt, 
to the peculiar action which camphor exerts on all the 
resins. It is not soluble by digestion in expressed oils i 
but it is stated by Bergius, that if it be previously melted, 
and the oil be dropt on it, it is completely dissolved both 
by fixed and volatile oils. By oil of turpentine, he adds, 
it is converted into a soft viscid-like substance ; but if the 
oil be old, it acts more powerfully on the copal than when 
recent. Other oils, as those of rosemary and lavender, 
dissolve it even in the cold. And as these three oils, 
especially when long kept, appear generally to contain 
camphor, it is probable that it may promote the solution 
of the copal. 

£lemi is a resin very little used. It is t!ie produce of 
the Amyrls elemifera ; is in large solid masses, of a varie- 
gated greenish colour, and semi-transparent ; having an 
odour stronger than some of the other resins, and a taste 
which is bitter. It is fusible, inflammable, and soluble in 
alkohol, and partially in expressed and essential oils. It 
appears usually to contain a portion of volatile oil in com- 
bination with resin, as a small quantitv h obtained from 
It by distillation. 
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Animi, the produce of the Hymenaea courbaril, is a 
/esin which, in its external appearance, has & very strong 
resemblance to copal, and is often sold for it, or mixed 
with the real copal ; it is distinguished principally by 
having more of a yellow tinge, by becoming somewhat 
ductile wheti masticated, and by being more easily solu** 
ble<in alkohol, and in essential or expressed oils. 

The resin, which has received the absurd name of Dra- 
gon^s Blood, is obtained from the Fterocarpus draco, ex- 
uding from incisions made in the bark, and also from sorpe 
other plants. It is in masses, of a red colour, and varie- 
gated texture, opaque, hard, and friable ; without taste or 
smell. It is fusible, inflammable, and soluble in alkohol, 
communicating to it a deep red colour. 

The substance known by the name of Lac is produced 
by an insect, which deposites it on the branches of certain 
trees in India, formed into cells, which appear designed 
as an envelope for its young. It is imported into Europe 
in different states, — stick lac, which is the substance in 
its natural state ; seed lac, in which it is reduced into 
small fragments or grains by pounding, and from which 
part of the colouring matter appears to have been extract- 
ed by boiling; and slicll lac, which is prepared from the na- 
tural lac, by liquefying, straining, and forming it into thm 
plates, and which contains least of the colouring matter. 
The lac, freed from the insect often involved in it, has all 
the characters of vegetable matter, and is probably not 
formed, but deposited by the animal which produces it ; 
and Mr Kerr, who has given some account of its natural 
history *, has remarked, that as a red substance is ob- 


^ Philosophical Transactions, 1781, p. 
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rained by incision from the plaso-tree very analogous to 
2ac> it is prcfbable, that the insects have little trouble in^ 
animalizing the sap of these trees in the formation of their 
cells.” It was always evident, from the chemical nature 
of this substance, that it was of a resinous nature ; and its 

t 

analysis has lately been executed by Mr Hatchet He 
has found it to consist principally of resin) with colouring 
extract, vegetable gluten, and wax ; the different varieties 
giving the following proportions : 


Resin. 

Extract. 

Wax. 

Glutei 

Stick lac, G8 

* 10 

6 

5.5 

Seed lac, 88.5 

2.5 

4.5 

2 

Shell lac, 90.9 

0.5 

4 

2.8 


fhe principal qualities of the lac arc of course derived 
from the resin, its chief constituent part. Alkohol dis- 
solves this, forming in the cold a transparent solution ; 
but if heated, the solution is turbid, from some of the 
other principles being dissolved. Ether acts less power- 
fully on it. Water acquires from the different varieties 
of lac a crimson colour, more or less deep, according to 
the proportion of colouring matter they contain. The 
stronger acids, as the sulphuric and nitric, decompose it. 
Muriatic acid dissolves its colouring matter, and gluten ; 
acetic acid dissolves the whole of it, except the wax. The 
alkalis and alkaline carbonates dissolve it, forming sapo- 
naceous solutions ; and it is also rendered soluble by bo- 
rax. Lac is used in dyeing, and the preparation of paints i 


Philosophical Transactious 1801 *. 
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a solution of it in water, by the medium of borax, is the 
basis of the Hindoo ink, and may be used<^as a varnish. 

f 

It entei^s into the composition of the common spirit var- 
nishes, and is employed also in the formation of sealing 

wax. 

Besides the substances now described, which are near- 
ly or perfectly pure resins, resinous matter exists in com- 
bination with other proximate principles of vegetables, 
and is also contained in the leaves, bark, and other parts 
of many plants. The medicinal powers of a number of 
the most important articles of the Materia Mcdica depends 
on a resinous principle in these states. 

The principal use of the resins, it has been observed in 
their description, is in the formation of varnishes *, and 
these are generally composed of more than one resin in a 
state of solution. They are named Oil or Spirit Varnish- 
es, according as oil or spirit is the solvent. The oil may 
be either expressed or volatile* Of the former, the dry- 
ing hntsced oil is what is generally employed ■, of the lat- 
ter, oil of turpentine. A varnish with the first is prepar- 
ed by boiling the finer kind of common resin with a por- 
tion of mastich in lintseed oil ; and to this a portion of oil 
of turpentine is usually added, which accelerates the dry- 
ing of the varnish. Varnish with oil of turpentine aloiA? 
is prepared by dissolving in this oil the requisite propor- 
tion of mastich. If a finer varnish of this kind is requir- 
ed, it is formed from copal ; but it has always been found 
difficult to dissolve the copal completely in the oil. Dif- 
ferent methods have been proposed ; that by the medium 
of camphor, which, as has already been remarked, renders 
copal soluble, appears to be the best. This varnish is 
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culourless and durable, and answers well for varnishing 
pictures. The method of preparing it has been given by, 
Mr Sheldrake * ; half an ounce of camphor being dissolv- 
ed In a quart of oil of turpentine, and a piece of copal the 
size of a large walnut being reduced to coarse powder, 
and put into it, in a tin bottle capable of holding two 
quarts, having a long neck, with a covk fitted to dthe 
mouth, in which there is a notch or small hole to allow 
of the escape of the vapour when the oil is volatilized by 
heat. The heat is applied so as to make the oil boil quick- 
ly, and it is kept boiling gently for about an hour, when 
so much of the copal will be dissolved as to form a pro- 
per varnish. Mr Sheldrake likewise found, that copal 
might be dissolved in oil of turpentine by the medium of 
ammonia f ; but he prefers the copal. Spirit varnishes 
are prepared from resins dissolved in alkohol. Those 
usually employed are mastich, sandarach, lac, and copal ; 
and some of these are frequently mixed. A colourless 
varnish is obtained, by dissolving mastich or sandarach ei- 
ther alone or mixed in alkohol ; a portion of turpentine 
being often added, to render the varnish less brittle. The 
solution of copal, however, is preferable, as being perfect- 
ly colourless : but there is with regard to it the same difH- 
calty of dissolving it in alkohol as in essential oils ; and 
to promote its solution, camphor is in this case also the 
best medium. The recipe for this varnish has been thus 
given by Mr Slieldrake : “ Dissolve half an ounce of canu 
phor in a pint of alkohol ; put it in a circulating glass, and 

* Nicholson’s Journal, Svo, vol. W. p. 

f Ibid. p. 
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add four ounces of copal in small pieces ; set it in a sand 
^ heat, so regulated, that the bubbles may fane counted as 
they rise from the bottom ; and continue the same heat 
till the solution is completed Lac forms a varnish 
which is always coloured, and is hence used only in those 
cases where the colour is of no importance, or is even of 
advantage, as in lackering brass, or in laying on a colour- 
ed ground. The following recipe has been given for a 
varnish for this purpose : Dissolve two ounces of very 
pure and hne gum-lac in 48 ounces of alkohol, and pl?cc 
the solution in a sand-bath exposed to a moderate heat. 
To prevent the too abundant evaporation of the spirit of 
wine, as well as the bursting of the glass, a piece of blad- 
der ought to be bound over the latter, and a few holes 
made in it with a needle. In another glass dissolve, in 
the same quantity of spirit of wine, an ounce of dragon’s 
blood in grains. When both the solutions are complet- 
ed, mix them together ; then put three grains of yellow 
wood into it, and suffer it to remain there twelve hours 
in a moderate heat : after which, strain the liquor through 
filtering paper f 

From the combination of lac with what is named Ve- 
nice Turpentine, sealing wax is formed. Four parts of 
lac are said to be melted with two of turpentine, and two 
of resin ; and the composition is coloured red by the addi- 
tion of one part of cinnabar and one of red lead, or black, 
by the addition of lamp-black. 


* Nicholson^s Journal, 4to, voL iii, p. 447. 
•f* Philosophical Magazine, voL xi. p. 1 48. 
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There exists in many vegetablesi a natural and intimate 
combination cf resin with gum, forming what has bcen^ 
named Gum Resin, and which some have classed as a 
distinct proximate principle. The proximate principles 
of vegetables, however, are those substances formed im- 
mediately from the combination of the ultimate elements ; 
they are specific and determinate in their composition; 
and native mixtures, or combinations of them with each 
other, cannot be placed as distinct principles, though such 
substances may be entitled to some notice, as articles oi 
natural history, or as of importance in medicine or the 
arts, 

A number of medicinal substances are gum resins,— 
such are aloes, ammonia, assafoetida, cuphorbium, gal* 
banum, gamboge, myrrh, sagapenum, and scammony. 
They are all solid, generally brittle and opaque; they 
have frequently a strong smell, and a pungent or bitter 
taste. They appear to consist of various proportions of 
lesin and gum; the gummy matter predominating in 
some, as in aloes ; the resinous in others, as in myrrh. 
Their properties are derived from those of the two im- 
mediate principles of which they consist. Thus they are 
only partially soluble in alkohol or in water ; the former 
dissolving principally the resin, the latter principally the 
gum : but in each case^ part of the one principle appears 
also to be dissolved by the medium of the other ; probably 
in consequence of their mutual affinity. They arc almost 
all entirely soluble in diluted alkohol, consisting of equal 
parts of alkohol and water ; and many of the tinctures of 
the shops, are solutions of this kind. By trituration with 
water, they generally form milky mixtures ; the resin be- 
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ing suspended by the medium of the gum : and on stand* 
c ing, a great part of the resin is deposited. ’^According to 
Hatchet’s experiments, these substances, at least those of 
them which he tried, are soluble in alkaline liquors : the 
changes they suflFer from the acids, are not precisely the 
same as the resins ; they are decomposed, but they ap- 
pear to be less susceptible of affording artificial tanin ; a 
number of them not affording it from the action either of 
sulphuric or nitric acid, and others giving only small quan- 
tities. This is probably owing to the predominance^ of 
gum, or of a matter analogous to it, in their composition 
as this principle appears from Hatchet’s experiments, to be 
less easily convertible into tanin than resin is : it aflFords ra- 
ther oxalic acid : and Fourcroy has remarked, that this acid 
is produced by the action of nitric acid on gum resins. 

The gum resins are not fusible, but when heated soften, 
and, if the heat is raised sufficiently high, are decomposed. 
It has been observed, that in destructive distillation they af- 
ford ammonia, with the usual products of vegetable matter. 

The consideration of the different gum resins, belongs 
rather to materia medica or pharmacy, than to chemistry. 
The medicinal powers of many vegetables, appear to de- 
pend on such combinations. 


Guaiac, a substance obtained by spontaneous exudation 
from the Guaiacum officinale, has been usually considered 
as a gum resin, containing a large proportion of resin. From 
Mr Brande’s experiments *, however, it appears to possess 


* Philosophical Transactions, 1806. 
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some chemical propet ties, indicating a peculiarity of com- 
position, diiFcflrent from that either of resin, gum resin, or ^ 
any of the analogous vegetable principles. 

Gualac is concrete, brittle, and resinous in its appear- 
ance ; it is of a grey colour, but has externally a greenish 
colour ; this it assumes from the action of the air : for its 
powder, which is at first grey, gradually becomes green- 
ish, from exposure : it also assumes the same colour when 
confined in oxygen gas : and this property of changing its 
colpur, is one character which discriminates it from the 
resins. When digested in distilled water with a mode- 
rate heat, a small portion is dissolved, which^ from Mr 
Brande’s experiments, appears to be extractive matter, 
with a little lime. Alkohol dissolves it with facility, leav- 
ing a little foreign matter, not exceeding 5 parts in 100, 
undissolved. This solution is rendered milky by water ; 
and it is decomposed by different acids, with phenomena 
that are peculiar. Muriatic acid throws down an ash 
coloured precipitate : Liquid oxymuriatic acid, one of a 
very beautiful pale blue. Sulphuric acid, when not add- 
ed in too large .a quantity, separates the resin of a pale 
green colour. Nitric acid, diluted with one-fourth its 
weight of water, causes no precipitate until after some 
hdurs. The liquid at first assumes a green colour, and 
if water be added, a green precipitate may be obtained : 
the green colour soon changes to blue, when, by the same 
means, a blue precipitate may be obtained : it then be- 
comes brown, and a bi'own precipitate spontaneously 
makes its appearance. Acetic acid does not form any 
precipitate : and it has already been observed, that thi^r 
acid is generally a solvent cf r'^sinous ma’ trr. 
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The changes of colour in the solution of guaiac in alko- 
hol| by nitric and oxymuriatic acidSf are peculiar to it, 
and are highly distinctive ; they appear to be connected 
with changes of oxygenizement, to which this principle 
seems liable, and which are marked in it by change of 
colour. 

The acids in^directly acting on guaiac, likewise exhibit 
some peculiar phenomena. Muriatic acid dissolves a small 
portion, the solution assuming a deep brown colour : but 
if heat be applied, the resin melts, and this prevents, its 
further solution. Sulphuric acid forms with it a deep red 

4 

liquid, which, when fresh prepared, deposites a lilac co- 
loured precipitate on the addition of water : if heat be 
applied, the resin is decomposed and charred. Nitric 
acid exerts a more powerful action on guaiac, than on any 
of the resins ; even in the cold the powder assumes a dark 
green colour : there is a violent efTervescence from the 
emission of nitric oxide gas, and the whole is dissolved. 
This solution, when recent, gives a browni precipitate 
with the alkalis : after it has stood for some hours undis- 
turbed, it deposites a considerable proportion of oxalic 
acid. When the guaiac is treated with diluted nitric acid, 
the results are somewhat different ; a slight effervescence 
takes place, part of the resin is dissolved, and the remaifi- 
der is converted into a brown substance, resembling the 
precipitate from the solution in alkohol. This brown 
substance, Mr Brande supposes, is guaiac altered by oxy- 
gen, being the last result of the oxygenizement of the 
guaiac. It possesses the properties of resin in greater per- 
fection than the original, is soluble in alkohol, and also in 
ether, which guaiac is very sparingly ; it is also insclubls 
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in water* If fresh portions of nitric acid be added to it 
three or four«times successive! y, it loses these properties 9 ^ 
becomes equally soluble in water and alkohol, and ac- 
quires an astringent bitter taste, forming probably one of 
the varieties of artificial tannin. 

Guai*ac is soluble in the pure alkalis, and in the alkaline 
carbonates, forming greenisl^ brown liquids. Fromjthe 
solvent powers which they thus exert on it, they do not 
precipitate it from its solution in alkohol. 

Subjected to destructive distillation, it gave an acidula- 
ted water, a thick brown oil, a thin empyrcumatic oil ^ 
charcoal remaining in* the retort, and gases consisting 
chiefly of carbonic acid and carburetted hydrogen being 
extricated. Tlie charcoal amounted to 30.5 grains from 
100, and yielded, on incineration, 3 grains of lime. 

It follows, from this account of the properties of guaiac, 
that although it possesses many properties in common with 
resinous bodies, it differs from them in ethers ; particu- 
larly In affording extracfiive matter ; in the singular altera- 
tions which it suffers when subjected to the .action of bo- 
dies which readily communicate oxygen ; in being capa- 
ble, by oxygenizement, oi being converted into a mor.^ 
perfect resin ; in yielding oxalic acid, when treated by 
ukric acid ; and, in the large quantity of charcoal and 
lime which it yields on destructive distillation,— differen- 
ces which, as the chemist who has investigated these pro- 
perties remarks, probably arise from certain peculiarities 
in the proportions and chemical combination of its con - 
stituent elementary principles. 
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The substances which have been named Balsams^ con* 
^si 3 t principally of resin^ with which are unked a quantU 
ty of the peculiar vegetable acid named Benzoic, and in 
some of them a portion of essential oil. The same re- 
mark applies to them as to the gum resins,— that they 
cannot properly be regarded as constituting a distinct 
pro^itimate principle of vegetables, since they are simply 
a mixture or combination of other known principles. 
Some chemists indeed have supposed, that the benzoic 
acid which they afford, is not previously contained. in 
them, but is actually formed in the process by which it is 
extracted. This opinion was advanced by Gren, and ap- 
pears to be also adopted by Mr Hatchet, from his experi- 
ments on its production, when the balsams were acted on by 
sulphuric acid. But the various processes by which it is 
procured, are unfavourable to this opinion. It is sepa- 
rated from the balsams by the application of heat, by boil- 
ing them with water, or with alkaline solutions, or digest- 
ing them with acids j and it is not very probable, that 
agents so very diiTercnt in their chemical actions, should, 
in this particular instance, give rise to the formation of 
precisely the same product. The action of some of them 
too, appears not sufficiently energetic, to be capable of 
producing such an effect. The heat that requires to be 
applied to volatilize the acid from the balsams, is extreme- 
ly moderate ; and we have no example in which water, 
by any affinity it exerts, causes the formation of a new 
principle. It appears therefore more probable, from these 
considerations, that this acid pre-exists in the balsams, and 
that it is extracted, not formed, by the processes by which 
it is obtained : that of course they do not constitute an 
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immediate principle of vegetable matter, but are combina- 
tions of otliors. 

Their chemical properties are derived from the princi- 
ples of which they consist : when exposed to heat, they 
melt like the resins, and at the same time they exhale a 
fragrant and acrid vapour, which is the benzoic acid, and 
which may be easily condensed in needle-like crystals. 
If Jicated more strongly, a portion of oily matter is vola- 
tilizetl : subjected to destructive distillation, they afford, 
bejides benzoic acid, products similar to those from the 
resins : when heated in the open air, thev inflame. 

They arc insoluble in water j but by digestion with it, 
a portion of benzoic acid ia dissolved, which, as was loi^g 
ago discovered by Geoffrey, may be obtained, by evapora- 
tion and cooling, crystallized. According to I'ourcroy, 
llieir powder, when merely mixed with the vegetable co- 
lours diffused in water, reddens thorn, — a proof of the 
presence of free acid. When dislilleJ with water, a small 
<iuantlty of essential oil ici obtained from the greater num- 
ber of them. 

They are perfectly soluble in alkohol, any impurities e:.- 
cepted *, and the solution is decomposed by the affusion of 
water, the resinous matter being precipitated. It is also 
decomposed by some of the acids. They are likewise so- 
luble in ether, and in the volatile oils, and arc softened by 
the action of camphor. 

The action of the alkalis on tlie balsams, is similar to 
their action on the resins, — dissolving them and forming 
brown solutions. The aikaii at the same time combines 
with the benzoic acid; and if the solution has been dilute, 
■;0 as to prevent the solution of t!ic resinous matter, thr 
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filtrated liquid has not much calour, and on saturating the 
.alkali with an acid, benzoic acid is obtainedji The action 
of lime, by the medium of water, is similar. 

The stronger acids, particularly the sulphuric and ni- 
tric acids, when digested on the balsams, caused, in Mr 
Hatchet’s experiments, a formation of tannin, in the same 
manner as the same acids do from the resins. There was 
also, in some cases, a formation of prussic acid ; and ben- 
zoic acid was always obtained by sublimation or distilla- 
tion from the mixture. This acid, it will afterwards ap- 
pear, is not decomposed by sulphuric or nitric acids j 

* 

and hence its appearance in this process, supposing it to 
pre-exist in the balsams. Acetic acid when heated, dis- 
solves some of the balsams, as benzoin, as Mr Brandc 
found, in his experiments on this substance * : it retains 
the resin in solution, but as it cools, allows the benzoic 
acid to precipitate. 

All the balsams are odorous, and pungent. Some of 
them, as benzoin, arc solid j others are fluid, but thick ; 
and these by age likewise become solid : they exude from 
the vegetables which produce them, either spontaneously 
or from incisions made in the bark. The principal sub- 
stances of this class, are Opobalsam, or Balsam of Gilead, 
the produce of the Amyris Gileadensis ; Balsam of Pc'rii, 
from the Myroxolon Peruiferum ; Balsam of Tolu, from 
the Toluifera Balsamum ; Benzoin, from the Styrax ben- 
zolnum *, and Storax, from the Styrax ofucinale. Tlicy 
are used sometimes in the practice cf medicine, and their 


Nicholson’s Journal, vol. x. p. 8i 
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individual history belongs to the materia medicat Their 
chemical prdjperties are very nearly the sane. 

Sl'Cr. Xlll. 

EXTRACT, OR EXTRACTIVE MATTER. 

name of Extract has, in the language of pharma- 
cy, been appropriated to a preparation in which vegeta- 
ble juices, or the watery dccociions of vegetable substan- 
ces, are reduced by evaporation to a thick consistence. 
From the nature of this process, it is evident, that the pro- 
duct may consist of different principles, of gum, sugar, 
tannin, saline matter, and indeed of all those soluble in 
water, and that, as obtained from difrerent plants, it may 
be very cliffercnt. Preparations of this kind being mucli 
used in the medical practice cf France, have always engag- 
ed the attention of the French chemists, and they were ac- 
customed to arrange them under certain divisions. 'Thus, 
Rouedle di ,lingulL.hcd tliice principal kiiuls ; witat he 
numecl hlnciJaginous extracts, soluble in water, in vvhicli 
gum., or muciiage predominates j Rcoinoua extracts, in 
which the prep.rtiv'S denteee t!iO presence of re^in, anti 
which are hence more especially soluble in alkohol ; ami 
iSapon.’iceoi;.: cxlr.ict:', wiiieh are soluble buili in water and 
alkoliol. A different view, however, has been since taken 
of this suhjeLt : it lias been conceived, tliat tltougli in 
these prcpwifltTons there may be an intemixture of differ- 
ent pvi’iciples, yet t!^crc is one wliich i’-'tms their bivis.? 



260 


EXTRACT. 


and which constitutes a peculiar vegetable principle, di 8 « 
•tinct from* any/ other. It is to denote this, that the name 
Extract, or Extractive Matter is now applied. 

This view of the nature of this principle, has been prin* 
cipally given by Fourcroy and Vauquelin, in the course of 
their analysis of different vegetables : by the former par- 
ticdlarly, in his* analysis of the cinchona of St Domingo*, 
and by the latter, in his analysis of the sap of the elm, 
beech, chesnut, and other trees f; and it is from their re- 
searches, that the history of this princ'.plc is chiefly to be de- 
rived. Hermbstaedt has also stated some facts with regard 
to it. There is still, however, as I shall have to remark 
in concluding its history, a considerable degree of obscu- 
rity and doubt as to the nature of this matter ; whether 
it can properly be regarded as a well-defined proximate, 
principle, uniform in its composition and properties 5 or 
whether it may not be a mixture or combination of some 
of the other known principles of plants. The term Ex- 
tract, which has been applied to it considering it as a dis- 
tinct principle, is ambiguous, from the other signification 
which has been attached to it, and under which, in the 
language of pharmacy, it is still understood. Were the 
existence of this principle fully established, the name of 
Extractin might perhaps be given to it, and would be free 
from all ambiguity. 

Extractive matter, according to Fourcroy, exists in dif- 
ferent parts of plants, but more particularly in the green 
and brown solid parts, as in the leaves, bark, and wood ; 

* Annalcs dc Chimic, tom. viii. 2c ix. 

Ibid. tom. xxxi. 
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it IS also often naturally dissolved in their juices. When 
it exists in the solid parts, it is best obt'^inedyby boiling 
the solid r^atter repeatedly in walsr, and evaporating the 
strained decoction : when dissolved in tb^ juice, it is ob- 
tained by evaporating this to a solid /orm, by a gentle 
heat. In eitli^er case, however, it is obvious, that it may, 
and indeed gei^rally will be, mixed with other principles : 
there is no process by which these can be separated, so 
that we are certain of obtaining it pure : and hence its 
puDperties are rathei^discovercd, either from examining ir 
as afforded by some vegetables with little intermixture, or 
from the effects re-agents produce upon the juices or de- 
coctions containing it, and which cannot be supposed tc* 
arise from the operation of these on other known princi- 
ples. 

Extractive matter is soluble in water, hut it gradually 
becomes insoluble from exposure to the air. According 
to Vauquelin, the juices which naturally contain it, 
colourless as they issue from the plant, but they soon as- 
sume a yellow or brown colour, from the action of the 
air and liglit. If evaporated, a browni or reddish pellicle 
forms on their surface, which breaks and subsides, the 
dissolved matter becoming insoluble j and when the wJiolc 
is'reduced by evaporation to a thick consistence, on at- 
tempting to dissolve this in water, a portion always re- 
mains undissolved. Fourcroy has observed too, that if 
the decoction of a vegetable which affords extract, be fil- 
tered, so as to be perfectly transparent, by merely conti- 
nuing the decoction, it becomes turbid, and a great part 
of it is^ec'ipitated from the water, in a state in w hich it is 
no l/nger soluble : tl^longer the boiling is continued, and 
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the more freely the liquor is exposed to the air, the more 
insoluble »*'iattfir, he adds, is formed j and continuing 
the successive solutions and evaporations, tbj vidiole of 
the soluble exti*act may at length be brougl^t into this 
state. S 

This change he ascribes to the absorption of oxygen : 
and*this is one prin,:ipal property charaCLeri-tlc of this 
principle, — that it is soluble in w.itcr, bvt when in solu- 
tion, and at a high tempe -ature, it abso» os oxygen and be- 
comes insoluble, and at the^saine time.tomparalively insipid 
and inert. The injury which map ^r medicinal pliiins sus- 
tain from boiling, has been ascribed by Fourcroy to this 
cause, and not tc; the dissipation of any active volatile prin- 
ciple, as had fornicily bfcn supposed; and indeed from 
nvany of them v/hich are injured by this operation, no 
sucli principle ca?i h.* ('brained, w’hen the operation is per- 
formed, so as to collect the products. 

Theodore Saussure has observed, tliat Fourcroy, in as- 
cribing these changes to oxygcnir'crncnt, docs not affirm 
that he had submitted the insoluble matter to analysis, or 
the air, in contact with which the liquid bad been boiled, 
to any cudiomctiic trial. He therefore placed, under bot- 
tles full of atmospheric air, and closed by quicksilver, cap- 
sules containing solutions of the extractive matter of cin- 
chona, oak w'ood, and different moulds : after some days, 
he found precipitates had formed in these solutions, and 
the air had, at the same time, suffered a small diminution 
of vidume. Submitted to eiidiometric examination, it 
was found to have lost its oxygen, xvhich w'as replaced by 
a quantity of carbonic acM gas, not equal TrT vui*'me to 
the cxviicn that liad been consumed part of this acid ' av- 
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ing been absorbed by the water of ; hence, 

wl^(^ previously saturated with carbon j a^d gas, thp 
qunnti^^ <jJF carbonic acid formed under tneij^xposure to 
atmospheAc air, was exactly equal to th«>?tiuantiiy of oxy- 
jjen^at disappeared. He further fo^nd reason to con- 
clude, that iiVthus losing part of thepr carbon, by the ac- 
tion of oxygCB, they lose still mor^f their oxygen and 
hydrogen, by Aese principles entering into binary combi- 
nations and fornfeng water, aril tliat hence the residual 
iosoluble matter an enlarged proportion of carbon, 
and is not merely, asNiiJouf^oy had inferred, extract oxy- 
genized'''. 

Extractive matter is soluble in alkohol, as is evident 
from its being abstracted by this fluid from vegetable mat- 
ter, in which it exists ; and this solution is not decompos- 
ed by the affusion of water. This property of equal so- 
lubility in water and in alhohol is very well shown in 
some vegetables, as, for example, in saffron, which yields 
a large portion of matter to both these fluids, the solution 
in either not being altered by the addition of the other. 
This may therefore be regarded us another characteristic 
property of extract, and as serving very well to dic,tinguish 
it &om gum, resin, or any mixture or combination of 
these 5 gum being soluble in water, and not in alkohol,-. 
resin in alkohol, not in water. Gum resin is indeed part- 
ly soluble in cither of these fluids, but it never is entirely 
so ; since, if it contain so much gum as to be soluble iu 
water, it is very partially dissolved by alkohol j or, if i: 
contain so much resin as to be soluble in alkohol, it ij 
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then imperfpt’.^.v'iissolved by water. And if a gum resin 
jpe digeste^^ either >^,th water or alkohol aloi:c> the sjdv- 
tion it afFc-i;ds with ;ne one fluid is dccompc cd,,oy the 
other. . ^ 

According to sc ne chemsits, extractive ma^-cr is 1: solu- 
ble in ether. This^ if the observation be j/st, would af- 
ford a very chars^ctei^^stic property of this p/nciplo. I have 
found, however, that scL^phuric ether disf^dvcs very readi- 
ly the colouring matter .^of saffron, w^.ich Hermbstaedt 
gives as an example of p.wre extraej^ and which appeaprs 
to be so. 

Oxymuriatic acid, poured into a solution of extractive 
matter, converts it immediately into a concrete substance 
of a deep yellow colour, insoluble in w-ater, but soluble 
in alkohol, and in the alkalis If cloth be steeped in 
oxymuriatic acid, and then immersed in ,a solution of ex- 
tract, the oxygen is transferred from the acid to the ex- 
tract, which is then deposited on the cloth, and adheres 
to the vegetable fibre. It was by the action of oxymuri- 
atic acid, that Vauquelin precipitated the extractive mat- 
ter from the vegetable juices which he examined. 

This principle has an attraction to argil, and to metal- 
lic oxides, as appears from Vauquelin’s experiments. If to 
a solution of it in water there be added a solution of aluih, 
cf which the excess of acid has been previously saturated, 
oil boiling them for a short time, an abundant flocculent 
precipitate is formed, composed of the extract in combin- 
ation with the argil of the alum ; and the solution at the 
Ciiine time is nearly deprived of its colour. If cotton or 
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thread impregnated with a solution be macerat- 

a soliMiion of extract, -and boildn in vegetable 

fibre £?^ccj|fies tinged of a yellowisA brown ^our, from 
the ext^ Vve matter being fixed in i tfce medium of 
the^kmi ; Vid in this way the solutio/ may at length be 
deprived of \early all its dissolved r/atter, and the cloth 
dyed. ManyW the metallic salts ^ave^a similar effect. 
The solution muriate of tin, iii^articular, forms in the 
solution of extrab^ a very abuntjpnt flaky precipitate, of a 
lyrown colour, cot\isting of ^is principle, more or less 
oxygenized, in combi^i^tiOTf with the oxide of tin. 

Extractive matter, in a humid state, gradually suflFers 
decomposition. When its- watery solution is kept for 
some time, it becomes turbid, deposites abundant mucous 
flakes, becomes mouldy at the surface, yields ammonia, 
and, when the putrefaction is complete, leaves, as the fix- 
ed products, carbonates of potassa and lime. 

When subjected to destructive distillation, it affords an 
acid in part saturated with ammonia. 

Such are the characters assigned to this principle ; the 
most distinctive of which are, its equal solubility in water 
and alkohol ; its great susceptibility of oxygenizement, 
and forming, when it has undergone that change, an in- 
soluble matter, approaching to the nature of resin ; ami 
its affinity for argil and metallic oxides. It is afforded by 
many vegetables, and in very different quantities, and per- 
haps also of variable purity. Saffron has been given as an 
example of a vegetable matter containing a large propor- 
tion of it, and that nearly pure ; 16 ounces of it affording, 
it is iOTouftccs of extract, the remr.inlng parts be- 

principally ligi^ous fibre. Other medicinal plant<^. 
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contnw it, ^.efTicncy of many of thc^ir infusions and 

finctures lyks bjben supposed to depend on it.^ Valerhh 
said to affcful it* in asiarge a quantity as saffron, let ^Lnsts in 
gentian, senna, ipc jacuan, and a number ofii^ves and 
roots. Opium a»:|r.d Peruvian bark contair^a p^^ciple 
which so far has th^ characters of extract, /^hat it is pre- 
clpi?:atcd and rende>$jd inert when boiled /m water, with 
the contact of the air. is contained als^l very generally 
in the juices of plants, Stained cithe^from incisions of 
the growing plant, or fro^f cxpressic^ of their succulent 
parts. 

I must observe, however, that the characters of this 
principle, as obtained from different vegetables, are by no 
means uniform, and that sometimes it approaches in its 
properties to other known principles. Thus, the active 
matter of Peruvian bark has one of the characters of ex- 
tract, that of absorbing oxygen when in a humid state, or 
when boiled in w'-ater. But at the same time it approach- 
es in other characters to a resin, as it is more soluble in 
alkohol than in water. The case is the same with the ex- 
tractive matter of opium, wdiile, in other vegetables, the 
reverse sometimes obtains ; thus, the extractive matter of 
gentian appears to be more soluble in w^atcr than in alko- 
hol. 

Nor are the characters w^hich have been assigned to this 
principle so distinctive, but that perhaps they may be pre- 
sented by other vegetable principles in certain slates of 
mixture or combination ; and it is in such states that it has 
usually been obtained. Thus, in the juices of plants sub- 
mitted to examination by Vauquelin, and iiTwrlTcii'vJie ex- 
tractive principle is supposed to bc.;j^ntaincd, he al^iys 
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found considcrahJe proportions of pnrtlcu^ 

0 /\ 7 | 


-•KSf. of frccfncedc iicid^ unci of the rfctitcfi of\^oUssu mvl 
lime. Vr/fcse might so far nioJify princi»Jf s existing 
in the disguise their prof^^c’S ; acetic acid, 

for ^4»rt:implcV would render a poriion resinous matter 
soluble in wiVer. Ilencc the peculifr properties which 
the vegetable \iatter in these juices inid ^irescMJt might a- 
rise from thesoXrnodlfiCations, aivi'^iot trom the proiJenc'* 
of any peculiar p*\h^ciple to wIitIi they bi h uged. Fr ii:i 
this, the solubility^in water r/ principles otherwise not 
soluble might criginarV.i inul the properties of absoibir.g 
oxygen, or exerting idHriities to ccrt iLn earths or meiallic 
oxides, are in some measure posbcs^ed by var*ous vegot - 
blc prc;\imate principles ; they may hv exortcvt more rea- 
dily by them in such* a st ite of iiiti iTi'iixtc' c, :ind can 
scarcely, therefore, be regauled as distinctive iu cMrr.ct. 

From tlicsc corisideratic ns, thi ie .jppc.n\' s 'me reason 
to doubt of the exirteiue, as :i ciiiti.vci i'v \!ea /c princi- 
ple, of the ni 'ttcr Lo which the name c>- can*?. .t lies been 
pi veil. 


* ThI’ Fxtracty which are prepared in pharmacy, citlicr 
by inspissating expressed vegel.ible juicer, or bo;! mg ve- 
getable matter in water, and evaporating tl.o decocticn to 
a thick consistence, are very v.irious in tl^ir composition. 
Those prepared by the latter process may contain muci- 
lage, saccharine matter, tannin, and a portion of resin. The 
iiispis/.aV.m ]Uices, besides these, may also be in part com- 
posed of tise veget^tle acids, and of other raline matters ; 
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and, from appear always to contain acetites 

potassai^^im^, ao^mmonia, often free acetic acid,i.irsd 
sometimcs-i^ulp^hate ^nd muriate of potassa, aili ji^/iphate 
of lime. Thcy ''fisjf;ally redden infusion of litpt|^, exhale 
vapours of aceticVKid, when acted on by suV^uiV^ci^ 
and give a smell ot\ ammonia when mixed rfith lime. As 
obtained from differ »eit plants, these prepa^-iations must no 
doubt vary in their coilf>osition. They appear also to be 
very liable to decompositbm on keepmpf^ and the powers 
of the substances from wh'ch they att' prepared are oftf^n 
injured by the decoction or ihspi^.tion : hence they arc 
now little used in medical practice. 


si:cT. XIV. 

TANNIN. 

A NUMBER of vegetable substances, some of them in- 
spissated exuded juices, others barks, or leaves, had re- 
ceived the name of Astringents, as possessed of the com- 
mon property of astringency, characterized by the power 
of corrugating the animal fibre. They had been, from 
this property, employed in medicine ; and the more 
powerful of them were used in the operation of tanning. 
From some chemical phenomena which they exhibit, it 
appeared, that they contain a common principle to which 
this quality is owing ; since, even where H in a 

very slight degree, it is capable of J((fing discovercci\by 
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chemical tests. If to the watery or infusion of 

•^^J^of thes'!> vegetable astringents, atfew ■Iro^.s of the soj 
lution^of ihe sulphate, or any of tl^le oth^r of iron, 
be adde^Aa colour is produced mof f^or less deep, of a 
blue^j*/pui^^le tinge, approaching som*uimes to black. In 
those vegetai'jes which have no astri^gency, no such ef- 
fect is produc’^d, while, in those poF^css0d of this proper- 
ty, the deepnoi of the colour is^J some measure propor- 
tioned to the deg 'ee in which belongs to them. 

• It appeared to follow, fromythese facts, that the proper- 
ty of astringency in vi^'jctables must depend on a distinct 
principle, contained in greater or less quantity in the dif- 
ferent astringents. The investigation of this accordingly 
engaged the attention of chemists. The Dijon Academi- 
cians observed, that the astringent principle appeared to 
have some of the properties of an acid : And at length 
Scheele discovered, that an acid of a peculiar nature ex- 
isted in the excrescence which forms on the branches of 
the oak, known by the name of the Gall Nut, which is 
one of the most powerful of the vegetable astringents, 
and might be obtained from it perfectly pure. This acid, 
named the Gallic, from the substance from which it is ex- 
tracted, has the property of giving a purple colour to the 
salts of iron : it exists in all the powerful ast’nngents ; 
and being thus apparently connected intimately with the 
property of astringency, it was regarded as the astringent 
principle. 

To this conclusion, however, Bcrthollct many years 
ago stated some very valid objections. He observed, that 
a soli' lion ot the gallic acid, reduced to :is great a degree 
of purity as possiL .?, added to a solution of sulphate of 
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iron, docs iib»tr^;jpducc any black colour or precipitate 
immediately;, buv oiiy by degrees, and after s^me ho^»’^ 
wliile a sri-^ll (}iiantii{/ of the infusion of galll ip^ta'ntly 
produces a much intense colour, and gret 
ty. He farther f^ynd, that by two succcssiv (j(de^ 
of galls in water, acid is extracted from^Wiem, so that 
the Hquors f'btaiiicd^iy a third or fourth d(i:ocrion do not 
redden litmus p.'per, rVSiT afford any gallic-acid by evapo- 
ration, and yet tliry still VrcclpUatc irqfl copiously from 
its solutinns. There wcre\jiyen somcy.r.tlo A galls, tho^p 
of a while colour, as well as saT?‘.e o^r .'.troog astringents, 
as sumaci^ ^ir walnut-tree bark, wliich contained no sen- 
sible quant ity of gallic acid ; yet these readily produce 
the black colour. And, lastly, the pure gallic acid has no 
sensible corrugating power, and scarcely any even of the 
peculiar astringent or styptic taste, but is merely sour 

These facts appeared to lead to the conclusion, that 
although the gallic acid might be contained in the vege- 
table actiingcnts, it could not be considered as the prin- 
ciple of astiingcncy, but tliat this property must depend 
on some other principle, cr on some modification of com- 
position. 

Deyeux, in Ids analysis of the gall nut-j, found, that, 
besides t!ic gallic acid, it contained a portion of extractive- 
matter, and of what he considered as a particular kind of 
resin, or substance approaching at least to rcbiii in some 
of its propel l ies ; that these aic in a state of combiiialiou 
so as to be always extracted, either by water or alkohol ; 
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and the astringent property he conceived' '’rl^es from this 
co!7}blnatio:), and not from any of th-se princ^Iples alone.^ 

Ac Seguin, In the course ♦ ^ some e;>perimcnts 

on the aK^^f tanning established n ore clearly the ex- 
istence of a ^principle in the vegetable stringents, differ- 
ent from tht* ^gallic acid, and on whiten the astringent or 
corrugating q iality seems more prcuharly to depend. 
From being tliO* agent that is pcc^’Iiarly concerned in the 
process of tanning, it has recci/ctl the name of Tan, or 
Tannin ; and its properties are ^inqucstionably sufficiently 
appropriate to charact*. j;ize<w as a distinct principle. Proust, 
Davy, and Hatcliet, have by their researches extended our 
knowledge of its chemical relations ; the two first have 
principally investigated its properties, and the last chemist 
has, by a very extensive series of experiments, established 
the singular fact of its artificial formation. 

This principle does not appear to be secreted pure by 
vegetables, or deposited in any of their parts in an insula- 
ted state. It requires to be extracted by certain proces- 
ses, and, as obtained by these, is frequently mixed or com- 
bined with other principles. It is contained in large pro- 
portion In the gall nut and in oak bark, sumach, and se- 
veral other barks •, and the inspissated juice of the Mi- 
rrrt>sa catecliu, the catechu or terra japontca of the shops, 
consists principally of it in combination with extractive 
matter. 

If oak bark be macerated in w’atcr, the tannin and the 
gallic acid which are combined in it with the ligneous fi- 
bre, arc dissolved, forming a liquor of a dark brown co- 
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lour and a bVi^r^^acerb taste. If to this solution, freed 
by filtration from a^y undissolved matter, ar.solutio^ of 
the anim^ll principl^ denominated Gelatin, o\ w)^a i- 
singlass or glue ar^ examples, be added, a tmk floccu- 
lent precipitate o\ magma is formed, whicly suoS^^ to 
the bottom ; the li<^uor above contains the gallic acid/anT 
any, mucilage or« extractive matter which /nay have been 
dissolved from the hikk. A similar appearance results 
from the infusion of gall^ treated in the same manner. 

This is the original eitj>criment of Seguin, by which 
he demonstrated the existenct;*of principle in the infu- 
sions of these astringents, the characteristic property of 
which is, forming with animal gelatin an insoluble com- 
pound, and in consequence of which property it can be 
withdrawn from other principles with which it is combin- 
ed. 

It is obvious, however, that by such a process wc do 
not obtain this principle pure, and that some additional 
steps are requisite to separate it from llic gelatin with 
which it has combined 5 or that some other method must 
be followed to obtain it in an insulated state. Diiferent 
processes have been proposed for this purpose. 

The first was proposed by Proust. It consisted in 
pouring a solution of muriate of tin into a decoction of 
galls: an abundant yellowish precipitate forms, which 
consists of the tannin in combination with oxide of tin : 
to separate the latter, the precipitate, after having been 
^washed, is to be diffused in water, through which a cur- 
rent of sulphuretted hydrogen is to be passed : the sul- 
phuretted oxide falls down, and the pur^aniiing princi- 
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pie remains In solution in the water This process is 
however es^eptionable. Proust himself has since remark^* 
ed that tne muriatic acid retains a portion of the com- 
-pound of tannin and oxide of tin in solution, so diat all 
the tannin is not procured ; and even what is obtained is 
not pure, as the muriate of tin precipitates likewise the ex- 
tractive matter contained in the vegetable* infusion. * 

Another process which he afterwards proposed, is to 
pour a solution of carbonate of potassa into an infusion 
of^galls. A yellowish white cdaguhini is formed, which 
it is only necessary to wash* with a little cold water to ob- 
rain ilie tannin, the coagulum being this substance separa- 
ted from its solution by the affinity exerted by the alka- 
line carbonate to the water in which it was dissolved. 
Care must be taken not to wash it with too much water, 
by which it would be dissolved ; nor with warm water ; 
for the same reason a strong infusion of galls must be o- 
perated on- Ami it is nor less essential, that the alkali 
should be saturated with carbonic acid, as the pure alkali 
favours its solution This process, however, is altoge- 
ther inadmissible, as it is not pure tannin that is thus pre- 
cipitatetl. Mr Davy found, that it is not possessed of the 
properties of that principle : it 1ms not the astringent taste, 
is but slightly soluble in cold water, or in alkohol ; and its 
solution acts little on gelatin, until it is saturated with an 
acid : it appeared, from his experiments, to consist of 
tannin and gallic acid, with carbonates of potassa and 
lime. A similar process has becii more lately proposed 

^ Nlc'hokon's Journal, 4<to, voh xx. p. 338. 

t Jbid. 8 VO. vol. ii. p. 198. % Ibid. 4to. voL iv. p. 351. 



TANNIN. 


i?T4f 

by Bouillon Lagrange, — adding to an infubion of galls a 
solution of crystallized carbonate of ammoiiin, as long, as 
there is any precipitation. The precipitate is washed with 
cold water until the water pass off without ^olour : it ic 
then digested in pure alkohol, until the alkohol leases to 
redden infusion of litmus : the residuum he considers as 
puVe tannin*. This process seems, however, nearly equaU 
ly liable to objection with the other. 

A third process was proposed by Proust. Dize had 
observed, that, by pouriftg sulphuric or muriatic acid on 
a strong decoction of galls, a considerable deposite is form- 
ed. According to Proust, this precipitate consists of the 
tannin in combination with the acid. It is washed with 
cold water ; is dissolved in boiling water : the sulphuric 
acid is saturated by an alkaline carbonate, and the tan- 
nin is precipitated. It is washed with cold water f. It 
is still to be questioned, however, if, as obtained in this 
. manner, it can be considered as pure : Mr Davy has re- 
marked, that as extractive matter is likewise precipitated 
by these acids, a portion of it may be contained in this 
precipitate ; and, from his. experiments, it appeared also 
to contain a quantity of gallic acid. 

Another method has been proposed by Mcrat GuUlot. 
It consists in adding, to a solution containing tanVtin, 
lime-water : a precipitate is obtained in considerable 
quantity, which appears to consist of the tannin combin- 
ed with lime. If it be treated with nitric or muriatic acid 
diluted with water, an effervescence takes place, the acid 
combines with the lime, and a matter so sparingly soluble 


* Annales de Chimie, tom. Ivi. p. 187. 
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as to remain on the filtre is obtained, which this chemist 
considered ^ pure tannin *. Mr Davy has supposed, that* 
it must contain, besides tannin, some of the extractive 
"^niatter of ihe bark, and that it may likewise contain sa- 
line matter. It is, however, the simplest process, and 
perhaps even affords purer tannin than the others j though 
a process is still wanting by which we can be certaid of 
obtaining this principle in a state of perfect purity. 

Tannin, in the states in which it has bepn hitherto pro- 
cured, may, by evaporation of its solution, be obtained in 
the solid form. It appear3*eithcr as a loose powder, ora 
dry friable matter, having a reslnoub-like fracture. It is of 
a brown colour, or, according to Lagrange, of a white, 
which becomes brown only from exposure to the air has 
a peculiar smell, and a taste rough and bitter. 

This principle is soluble in water, cither cold or warns. 
Its solution is of a brown colour, and retains the peculiar 
smell of the tannin. It is generally considered as being 
also soluble in alkohol ; but according to Richter, this is 
only when the alkohol contains some water ; for when 
highly rectified, it is scarcely at all soluble in it f. 

Tannin appears, from Seguin's experiments, to be sus- 
ceptible of oxygenize meat. When its watery solution is 
exposed to the air, its surface acquires a fine pellicle, 
which becomes thicker the longer the fluid is exposed. If 
it be broken, it is soon renewed, and, from accumulating, 
•it at length precipitates. It is quickly formed by.cxpos- 
AJre to oxygen, or to oxy muriatic acid, so much so, ac- 


♦ Nicholson's Journal, 8vo, vol. ii. p. 71. 
f Philosophical Magazine, vol. xxiii. p, 7J* 
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cording to Seguini that, from merely bringing a bottle 
« containing this acid into the vicinity of th^ infusion of 
tannin, a pellicle is instantly formed, which thickens ra- 
pidly, and at length precipitates *. As phenomena some- 
what similar arc exhibited, however, by infusions of vege- 
tables which contain no tannin, it is not impossible but 
thkt they may ‘arise from the extractive matter contained 
in the vegetable astringent from which the infusion of 
tannin had been prepared. This appears to be confirm- 
ed by the observation made by Seguin himself, that the 
Infusion of tannin may be kept a long time without its 
properties being sensibly altered, and this even though it 
be not carefully secluded from the air* Lagrange, how- 
ever, in his late examination of tannin, has affirmed, that 
it is very susceptible of oxygenizement, and that by tliis 
change it acquires the property of reddening litmus, which 
otherwise does not belong to it. It is very little liable to p^ss 
into a putrid state, and it forms a powerful antiseptic. 

Tannin is thrown down from its solutions by several of 
the acids. Sulphuric acid causes a dense whitish preci- 
pitate. The residual liquor separated by filtration was 
found by Mr Davy still to precipitate gelatin, and there- 
fore contained a portion of tannin. Muriatic acid pro- 
duces similar effects, two compounds of the tannin B^ing 
formed ; one with an excess of acid which remains in so- 
lution, the other containing much tannin, which is preci- 
pitated. Nitric acid, when concentrated, first renders the 
solution turbid ; but the solid matter, from the production 
of which this arises, is soon re-dissoIvcd with efferves- 
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ccnce, and the liquor becomes clear, and of an orange 
colour. Thp tannin is entirely decomposed during tbis^ 
action ; for the liquid, after it, gives no preciphate with 
..pelatixt, even when the acid is saturated with an alkali. 
With dilute nitric acid a permanent precipitate is formedj 
and the residual liquid appears, from the test of gelatin, 
still to contain a portion of tannin. I.agrange has stated, 
that tannin prepared by the process which he has given, 
already described, is converted by oxymuriatic acid into 
gallic acid *, Were this established, it would point out 
the relation which appears to be so intimate between these 
two principles ; and it*might even lead to the suspicion, 
which some other facts suggest, that, in the processes to 
which they arc subjected, the one is often converted into 
tlie other. It maybe doubted, however, if this relation is so 
simple, as that gallic acid is merely tannin oxygenized. 

The alkalis combine w\th tannin. A solution of pure 
potassa, poured into an infusion of galls, causes first a 
faint turbid appearance ; bur, by agitation, the fluid be- 
comes clear, and its colour changes from yellowish brown 
to brownish red. The solution of gelatin does not act on 
tlic liquid in this state of combination, until an acid be 
added in excess, and then a copious precipitation is occa- 
sioned. The action of soda is precisely similar ; as is that 
of ammonia. On heating the infusion to which ammo- 
nia has been added, part of the alkali is volatilized, and 
the remaining portion acts on tannin, forming a quantity 
of insoluble matter, and leaving little in solution f. 


* Annalcs de Chimic, tom. Ivi. p. 1S>1. 
f Davy, Philosophical Transactions, 1803. 
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Lime, barytes, and strontites, in solution in water, ap* 
^pear likewise to combine with tannin, and to form com- 
pounds of sparing solubility ; since, when added to infu- 
sion of galls, a precipitation ensues, and the residual liqu^^ 
gives no precipitate with gelatin. The precipitate of these 
earths with pure tannin is, according to Lagrange, of a 
green colour. Magnesia boiled in such an infusion forms 
a deep green fluid, which does not precipitate the solution 
of gelatin : the magnesia acquires a grey colour, and ap- 
pears to have abstracted the tannin. The action of argil, 
in an experiment performed in the same manner, appears 
to be precisely similar 

The alkaline carbonates cause a precipitation* of tannin, 
from the infusion of a vegetable astringent v but, as has 
already been remarked, this precipitate is not pure tannin, 
but contains a portion of the alkaline carbonate, and, in 
consequence of this, does not act on gelatin,^ until the al- 
kali be saturated by an acid. The residual fluid of the in- 
fusion, acted on by the carbonate, still contains tannin, 
which appears to be combined with a large quantity of 
the alkali, so as to remain soluble \ and it is equally inca- 
pable of acting on gelatin, until the alkali is saturated by 
an acid. The carbonates of lime, magnesia, and barytes, 
produce, in like manner, an insoluble combination of these 
respective earths with tannin : the residual liquid does not 
affect gehtin, even when an acid has been added to it ; 
and hence there is no soluble combination of tannin form- 
ed in this case, as there is in that of the alkalinjr carbo- 
nates f . 


* Davy, Philosophical Transactions, 1803. f Ibid. 
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Even a number of neutral sa]ts> as nitrate of potassa, 
muriate of soda, muriate of barytes, &c. cause a preci- 
pitation of^tannin. This, Proust supposed to ibe owing 
,, merely to their combining with the water, which holds this 
principle dissolved. Mr Davy found reason to conclude, 
however, that these precipitates are not pure tannin, as 
this hypothesis implies, but contain a portion of the ^$alt 
by which they had been thrown down. 

The metallic oxides appear to have an affinity to tannin, 
and to combine with it, forming compounds in general 
insoluble. Mr Davy found, that when oxide of tin, or 
oxide of zinc, was bdiled with infusion of galls for two 
hours, it became colourless, and seemed to be pure water, 
while the oxides gained a tint of dull yellow : and on 
dissolving them in muriatic acid, the solution acquired the 
property of precipitating copiously the solution of gelatin. 
In consequence of these affinities of the metallic oxides to 
this principle, many of the metallic salts act upon it : they 
in general give rise to dense coloured precipitates, which 
appear to consist of the tannin united with the metallic 
oxide, retaining perhaps, as Mr Davy has found some rea- 
son to suppose, a portion of the acid with which it was 
combined. Acetite of lead forms a precipitate of a 
gre.y colout ; nitrate of mercury, one that is yellow *, sul- 
phate of manganese is thrown down green : but these pre- 
cipitates generally change their colour in drying 

The action of tins principle on sulphate of iron is im- 
portant^ from its relation to the art of dyeing, and to the 
oomposition of ink : On the green sulphate of iron it has 


• Lagrange, Atinalcs de Chimie, tom. Ivi. p..l96, 
.8 4 * • 
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no sensible action ; but with the red snlpliate, it gives a 
copious dense precipitate, of a dark blue colour, approach- 
ing to black when dried, and very diAerent frc^i that with 
the gallic acid, which is of great tenuity, so as to remain . 
long suspended, and is perfectly black. In this action of 
tannin on the red sulphate, part of the oxygen is detract- 
ed by the tannin,, so that the oxide passes to the state in 
which it exists in the green sulphate The deep black 
colour, produced by the actioit of vegetable astringents on 
the red sulphate of iron, appears to arise from the action 
both of the gallic acid and ta;inln they combine with 
the oxide of iron v the precipitate is kept dissolved in 
some measure by the free sulphuric acid disengaged : and 
it is this which forms the colouring matter of ink, and of 
the black dyes* 

The most characteristic, and perhaps the most import- 
ant chemical property of this principle, is its power of 
combining with animal gelatin. When the solution of 
this principle is added to an infusion containing tannin, 
a copious soft precipitate, which quickly becorne.s iloccu- 
lent, of a yellowish colour, is formed, and soon sub- 
sides : it is not putrescible ; and on drying, contracts and 
becomes hard and brittle, but resumes its softness, and a 
degree of tenacity which it has, when it is moistened. 
The gelatin requires to be recently prepared : the quan- 
tity of precipitate is influenced by the state of concentra- 
tion ; the same quantities giving rather more precipitate, 
when strqng solutions of them are mixed together. It is 
.Also influenced by the proportions ; an excess of gelatin 


f Proust, Nicholson's Journal, 410, vol. ii. p, 339*. 
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redissolving a little of the precipitate. These circumstan- 
ces require to be attended to, in estimating, by the test of 
gelatin, the^antity of tannin in any astringent,* and vice 
^vcrsd in using tannin as a test of gelatin. The tannin of 
different vegetables was found, by Mr Davy, to require 
diiferent proportions of gelatin. On an average, 100 grains 
of the compound of gelatin and tannin, fcyrmed by preci- 
pitation from saturated solutions, contain about 54 grains 
of gelatin, and 46 of tannin. 

Gelatin, even in an indurated or compact state, is ca- 
pable of combining with tawain. A piece of animal skin, 
which consists principally of gelatin, immersed in an in- 
fusion containing tannin, discolours it in a short time, by 
attracting the tannin. 

Tannin exposed to heat, afl'orcls an acid liquor, a brown- 
ish oil, and a considerable quantity of carbonic, acid; leav- 
ing in the retort a light spongy coal 

This principle, it has been remarked, exists in many 
vegetables, and always in a state of intermixture with 
other principles, particularly with gallic acid, extract, and 
mucilage. Seguin has remarked, that the gallic acid is 
often found unaccompanied by the tanning principle, as 
in cinchona, crude or roasted coffee, the roots of the 
strawberry plant, milfoil, scrofularia, arnica, and a number 
of others ; these forming a dark precipitate with sulphate 
of iron, but not being affected by gelatin. Tannin; on the 
other hand, is, according to this chemist, never found a- 
lone, but always accompanied with the gallic acid. It ex- 
ists not merely in the gall nut, oak bark, and sumach, the 


* Seguin, Nicholson’s Journal, 4to, vol. i. p. 274. 
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substances used in tanning, but abundantly in bistort, tor^ 
^ mentil, rhubarb, squil, several species of pin^ the acacias, 
and a number of other vegetables. ^ 

Mr Davy undertook the examination of the principal 
astringents, with the view of determining the proportion 
of tannin tliey contain, and the principles with which it 
is \inited Ip gall nuts, tannin is the principle present 
in by far the largest proportion : 500 grains of Aleppo 
galls yielded to water, by lixiviatton, 185 grains of solid 
matter } of which ISO were tannin, SI gallic acid, 12 mu- 
cilage and extract, and 12 oolcareous earth and saline 
matter. Oak bark affords a considerable proportion, 
though of course much less, from the quantity of fibrous 
matter in the bark : an ounce or 480 grains of the inte- 
rior white bark afforded about 111 grains of solid matter 
by lixiviatipn, of which 77 were tannin. The bark of the 
Leicester willow afforded about the same quantity ; that 
of the Spanish citesnut less ; and the common willow and 
elm a much inferior proportion. Sumach afforded as much 
as oak bark. Souchong and green tea gave also a consi- 
derable quantity. The quantities vary according to the 
age of the tree, and also according to the season, as the 
experiments of Mr Biggiti f have shown. The inner bark, 
Mr Davy found, always contained a larger proportion 
than the outer layers \ and as the interior layers are com* 
paratively most abundant in young trees, tlieir barks con- 
tain, in the same weight, a larger proportion of tannin 
than those of old trees- 


* Philosophical Transactions, 1803, 
+ Ibid. 1799, p. 299. 
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The substance named Catechui obtained by decoction 
and inspissation from the wood of the Mimosa catechu, a 
native of Ii/dia, is a very strong astringent, and, from Mr 
Bavy’s experiments, it appears to contain a large propor- 
tion of tannin. This substance is almost wholly soluble 
in water : a considerable proportion of it is also soluble 
in alkohol, but, when acted on by the latter fluid, a p^or- 
tlon of mucilage remains undissolved. One hundred 
grains of what is named the Bombay Catechu consists, 
according to these experiments, of 54*. 5 of tannin^ 34 of 
extractive matter, 6.5 mucilage, and 5 residual matter, 
chiefly impurities. same quantity of the Bengal 

catechu gave 48.5 of tannin, 36. 5 of extract, 8 of muci- 
lage, and 7 of residual matter. 

Another very astringent substance, known in the shops 
by the name of Kino, appears, according to the account 
of it given by Dr Duncan and by Vauquelin, to consist 
chiefly of a variety of tannin. It was first imported from 
Africa, and w'as said to be the produce, by exudation, of 
a particular tree. Dr Duncan has observed, however 
that it has every appearance of an extract lobtained by de- 
coction and inspissation, and that part of the kino of com- 
merce, not distinguishable from that from Africa, is im- 
ported from Jamaica, and is known to be the extract of 
an astringent bark, that of the Coccoloba urifera. Its so- 
lution gives a copious precipitate with gelatin, and tlirow^a 
down also coloured precipitates from the metallic salts : 
that from the salts of iron is of a deep green colour. Ac- 
cording to Vauquelin’s experiments on it it consistii 


* Edinburgh Dispensatory, p . 242. 

•j* Nicholson’5 Joivnal, vol. vi. pr 232, 
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chiefly of tani)ini with a proportion of mucilaginous or 
^ extractive matter. The kino examined by this chemi|t Dr 
Duncan ’suspects to be the substance named\he Botany 
Bay Gum) which is the produce of diflercnt species of 

f 

eucalypiusy and which forms at present the finest kino of 
the shops 

Proust remarked) that the tannin aflbrded by different 
vegetables is not altogether uniform in its qualities, — an 
observation which is sufficiently confirmed by experiment. 
Thus, the tannin of catechu, in precipitating gelatin, does 
not form with it a magma of ^he consistence or insolubi- 
lity of that formed by the tannin c3f galls : it gives also a 
violet-coloured ink with sulphate of iron. The tannin of 
kino forms with the solution of glue a rose-coloured coa- 
guliim, and docs not precipitate the salts of iron black, 
but of a beautiful deep green colour, scarcely alterable by 
exposure to the air, — a property which also belongs to the 
tannin of rhubarb. The tannin of sumach, in ptecipitat- 
ing glue, affords a white magma without consistence. 
From such facts, Proust concluded, that tannin has its’ 
varieties, like t>e other immediate principles of vegeta- 
bles i the property of precipitating gelatin being that 
which unites them, and as it were constitutes the spe- 
cies +. 

On this subject Mr Davy has observed, that the speci- 
fic agencies of tannin, in all the different vegetable astrin- 
gents, are the same. In every instance it is capable of en- 
tering into union with the acids, alkalis, and earths, and 

♦ Nicbolson’s Journal, 8vo, vol. vi. p. 234-. 

'r f Ibid. vol. ii. p. 2Dl , 
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of forming insoluble compounds with gelatin ami with 
skin4( and jf e seems disposed to concludci that although , 
the opinion of Proust is sufficiently conformable to the 
facts generjjlly known concerning the nature of the^ sub- 
stances which are produced in organized matter, it cannot 
be considered as proved, till the tannin ih different vege- 
tables be examined in its pure and insulated state. Ii> all 
the vegetable infusions in which it has been subjected to 
experiment, it exists in a state of union with other prin- 
ciples, by which its properties must be necessarily mo- 
dified. Thus, as Mr^ Davy has remarked, the infusion 
of sumach owes its characteristic property of being preci- 
pitated by the caustic alkalis to the presence of sulphate 
of lime ; and to this also may be owing the white colour 
of its precipitate with glue. That the infusion of galls is 
rendered green by the alkaline carbonates, evidently de- 
pends on the large quantity of gallic acid it contains ^ and 
that the solutions of catechu do not copiously precipitate • 
the carbonated alkalis, appears to depend on their contain- 
ing tannin in a peculiar state of union with extractive 
matter, and uncombined with gallic acid or earthy 
salts 

These observations are undoubtedly just ; yet as tannin 
ap{5bars susceptible of alteration in its constitution, parti- 
culaily from oxygenizement, it is not improbable, that 
slight variations of this kind may give rise to some of the 
differences observed in its properties, — a supposition con- 
firmed by the discoveries with regard to its artificial form- 


* Philosophical Transactions, 1803. 
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ation^ in which it is produced with properties somewhat 
, difierent) so as to form at least three jirarieties. 


T9B artificial formation of tannin, a subject highly in- 
teresting, has been amply investigated by Mr llatchet, 
hy^whom it wa^ discovered. It had been observed by Se- 
guin, Proust, and Davy, that the tanning principle is de- 
veloped in many vegetables by heat i and Mr Chenevix, 
in submitting coffee to chemical examination, found, that, 
by roasting it, tannin is evolved or produced ; previous 
to roasting, it contains a ^ rincipfe somewhat analogous, 
but which does not precipitate gelatin, but, after it has 
been submitted to that process, its decoction gives an im- 
mediate precipitate*. The observation *of these facts, 
however, did not lead to any farther investigation of the 
subject. 

Mr Hatchet having observed in his experiments on lac, 
and some of the resins, the powerful action that nitric a- 
cid exerts on them, and that a substance is produced by 
this action possessed of some peculiar properties, and 
which appeared carbonaceous, was induced to e^camine 
the effects of the action of this acid on the bitumens, coal 

Ht 

and charcoal. He found, that by digesting these with a 
sand heat in nitjic acid, 100 grains being \ 15 ed to one 
ounce of acid of the specific gravity of 1.4, and fresh porr 
tions of the acid being added as it was decomposed or 
dissipated, a solution was obtained, at the end of five or 
six days, of a dark brown colour, and which afforded, 

« ■■■■-! — ■ , 


* Nicholson’s Journal, 8vo, vol. ii. p. 114. 
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when evaporated to dryness, a substance having the ge- 
neraif properties of tannin, and which very readily preci- 
pitated solutions of gelatin. 100 grains of vegetalilc char- 
coal yield about 114 grains of this matter in a dry state. 

This substance *Mr Hatchet found was best obtained 
from carbonaceous matter when this is uncombined with 
any principle but oxygen ; and hence substances frequently 
did not produce the tanning matter wh% treated with ni- 
tric acid| as saw-dust and different varieties of coal, which, 
afyer having been charred and submitted to the same 
treatment as before, prpduccd it copiously. The coal of 
animal matter was equally susceptible of being converted 
into tannin by this process. Isinglass charred afiForded 
it, for example, in Mr Hatchet’s experiments, and, as he 
remarked, thus established the curious fact, ** that one 
portion of the skin of an animal may be made to convert 
another into leather.” 

In conformity to this effect of charring in favouring the 
production of tannin, Mr Hatchet found, too, that sub- 
stances charred by sulphuric acid, afforded the artificial 
taniiin when afterwards treated with nitric acid ; and e- 
ven in some cases, in his first experiments, a portion of 
it appeared to be formed by the continued action of the 
sulphuric acid, being separated from the insoluble matter 
by the action of alkohol.« This he afterwards investiga- 
ted more fully and found, that by digesting sulphuric 
acid on a number of resins, balsams, camphor, ml of tur- 
pentine, lintseed oil, olive oil, and wax, washing the re- 
siduum, and digesting it in alkohol; tanning matter was 
procured. 


Philosophical Transactions, rt06. 
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In a second series of experiments % Mr Hatchet founds 
that almost every vegetable substance might, be made to 
afford tannin, by the repeated distillation ot nitric acid 
from them without any previous charring, He thus, 
procured it from all the resins which he tried, from 

f 

number of the gum resins, from the balsams, indigo, 
and several odier varieties of vegetable matter; some 
affording it with more difficulty than others, or requiring 
more distillations of the acid, and affording it also in dif- 
ferent quantities. Some even did not afford it, such as 
elemi, tacamahac, olibanum,' sai^darach, copaiba, mas- 
tich, myrrh, gamboge, and caoutchouc, though, had the 
distillation been more frequently repeated, Mr Hatchet 
supposed it probable they might have done so. Gum 
arable, gum tragacanth, and manna, afforded oxalic acid, 
but no tannin. 

The nature of the product of all these operations was 
assertained by the precipitate it gave with gelatin, and, 
in some cases by skin being tanned, or converted into 
leather by its operation. It resembled, too, in almost 
all its other properties, natural tannin. Its flavour was 
astringent : exposed to heat, it swelled, and gave a volu- 
minous coal ; it was speedily dissolved by cold water, 
and by alkohol. Its solution produced copious pretipi- 
tates when added to solutions of muriate of tin, acetite 
of lead, and red sulphate of iron ; that from the first be- 
ing of a dark grey colour, those from tlie others brown. 
,It precipitated gold in its metallic state from its solution. 
With the nitrate of lime, nitrate of barytes, and othey 
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earthy s^tSs it likewise gave precipitates. The alkalis 
at first deepened the colour of its solution, and then reii- • 
dered it tuibid. Sulphuric and muriatic acids throw down 
, from its sj^ution a copious brown precipitate, soluble 
in warm water, and still capable of precipitating gelatin 

It thus appears, that artificial tannin may be formed 
from a number of vegetable substances, m\d by different 
processes. The products of these processes, though all 
possessed of the essential characters of natural tannin, 
differ somewhat in their properties from it and from 
each other. Mr Hatchet has marked three varieties,— 
the first, that which is produced by the action of nitric 
acid on any carbonaceous substance, vegetable, animal, 
or mineral ; the second, that which is formed by distil- 
ling nitric acid from resins, balsams, and similar sub- 
stances I and the third, that which is extracted by alko- 
hol from a number of resins, camphor, &c. digested 
M'ith sulphuric acid. 

The first of these varieties approaches most nearly in its 
properties to natural tannin. It resembles it in it& solu- 
bility in water and in alkohol ; in its action on gelatin 
and on skin j in its eflects on die metallic solutions, on 
the alkalis, and on the earths. The sulphuric and 
muriatic acids, too, affect its solution, as they do that 
of natural tannin *, and the only marked difference be- 
tween them is in their relation to nitric acid. This va- 
riety of artificial tannin owes its origin to the action of 
this acid, and is not changed by the continuance of 
that action. Mr Hatchet found, that it might be dis- 
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solved in strong nitric acld^ the solution distilled until 
I th^ whole of the acid came over, and this I e repeated 
three times without the tanning matter having suffered 
any alteration in its properties ; while natur^A tannin ex- 
tracted from different vegetable astringents, galls, oak 
bark, sumach and others, was always destroyed by the 
action of this** acid *• This forms a striking difference 
between these two substances. 

The second variety of artificial tannin, is that formed 
from resins and some other substances, by the reported 
action of nitric acid, favoured b< a hhih temperature, or 
by distilling the acid repeatedly’ from them. It is not 
therefore so easily formed, and the quantity of it pro- 
duced is also always less. Its formjtion, as Mr Hatchet 
has conjectured, probably depends on the oxygen of the 
acid attracting the hydrogen of the resin, and forming 
water, and thus leaving an excess of carbon, which is then 
acted on by the acid, so as to be converted into tannin, 
in nearly tlie same manner that charcoal is. There is a 
slight diffeieiicc, however, between this and the first va- 
riety, particularly in the precipitates which it forms with 
gelatin, which are alw’ays of a yellow colour, pale or deep, 
while those formed by the other are constantly brown ; 
whence he concludes, that the different colours of the pre- 

* Some of these kinds of natural tannin resisted the action 
of nitric acid longer than others, such as that from oak bark; 
and those seemed most easily destroyed which had an intermix- 
ture of mucilage- Mr Hatchet v.as hence induced to add 
gum, and also sugar, to the artificial tannin, in subjecting it to 
the action Oi nitric acid, wit the view of promoting its decom- 

position, but without any effect. 
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cipitates pepend on the state of the carbon of the tan<- 
nin, \ • 

The thind variety produced by the action of sulphuric 
acid on resells, balsams, and similar substances, is inferior, 
in the energy of its action on gelatin and skin, to the first 
variety ; it is converted into it, by the action of nitric acid. 
By the continuance of the action of sulphuric acid, it is 
decomposed and converted into coal. 

The first variety of tannin afforded, when decomposed 
by«heat, products analogous to those of animal matter. 
First a little water, wilh a* small quantity of nitric acid 
came over, then a smlll portion of a yellowish oil : on 
raising the heat, a large quantity of elastic fluid came 
over suddenly, which was principally ammonia; and car- 
bonic acid gas, with a little nitrogen, were afterwards 
slowly disengaged. A bulky coal remained, which on in- 
cineration afforded a little lime. Carbon therefore ap- 
pears to be its basis, with wliich are combined oxygen, 
hydrogen, and nitrogen. The third variety, Mr Hatchet 
remarks, from the mode of its formation, does not appear 
to contain nitrogen ; and this, he adds, may perhaps be 
the cause of its less powerful action. 

From the facility with which some vegetable substances, 
after being charred, are converted into tannin by nitric 
acid, Mr Hatchet supposes, that some such method may 
be economically employed in practice. After extracting the 
tannin from oak bark, by repeated maceration in different 
portions of water, the remaining matter was dried and 
moderately roasted. It was then moistened with diluted 
nitric acid, which was evaporated in a heat not much ex- 
ceeding 300% until the bark became dry. This was di- 

T2 
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gested in water, and speedily formed a yellowfsh brown 
» liquor, which abundantly precipitated gelatin./ The ope- 
ration was repeated on the residual bark wilh the same 
result ; so that it might evidently have beqn continued 
until the whole of the bark had been converted into tan- 

I 

nin. Peat, which consists of vegetable matter in a car- 
bonized state, Udbrds a large quantity of tannin, by such 
a process, with great facility ; and the tanning quality of 
the water of peat moors, Mr Hatchet conjectures, may be 
derived from some spontaneous change of a similar natuise*. 


The art of tanning, or converting the skin of animals 
into leather, depends on the operation of the principle, the 
chemical history of which has now been given, and has 
been elucidated by the discoveries made with regard to it. 
Tanning is indeed nothing more than combining tannin 
with the gelatin, which is the basis of the skinj and all 
the manipulations of the art, are directed to facilitate or 
effect this combination. A concise account of these, I 
take principally from a memoir by Mr Davy on this sub- 
ject f . 

The skin requires to be prepared for the action of the 
tanning liquor, by freeing it from the hair and other ex- 
traneous matter. This is done by washing it, and in some 
cases by inducing a slight degree of putrefaction, by 
which the epidermis is loosened, and tl^ hair more easily 

* Philosophical Transactions, 1806. 
f Jouraals of the Royal Institution. 
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detached«i{ This is more generally efFected, however, by 
the actionW lime : the lime being diffused in water, and , 
the skin swjeped in it ; Its agency, from Mr Davy’s inves- 
tigation of '^the subject, appears to depend on the lime 
combining with the cuticle, and forming an insoluble com- 
pound, which is loose and friable. The fat and oily mat- 
ter adhering to the skin, form with the lime, too, sapona- 
ceous compounds, and are thus removed. 

After the skin has been cleaned, it is submitted to other 
operations, before it is immersed in the tan liquor. Ac- 
cording to Mr Davy’s sccoftnt of the practices of the art, 
the large and thick hidJs which have undergone incipient 
putrefaction, are introduced for a short time into a strong 
infusion of oak bark, and after this they are acted on by 
water impregnated with a little sulphuric or acetic acid, 
in consequence of which they become harder and denser 
than before, and fitted, after being tanned, for the pur- 
pose of forming the stouter kinds of sole leather. The 
lighter and thinner skins are treated in a different manner: 
they are macerated for some days, in a ley formed from 
Ahe infusion of pigeons dung in water, which contains a 
little carbonate of ammonia ; the skin is thus deprived of 
its elasticity, and becomes more soft. 

The tanning liquor is, in this country, generally pre- 
pared by infusing bruised oak bark in water : and skins 
are tanned, by being successively immersed in such infu- 
sions, saturated in different degrees with the astringent 
principles of the bark. The first leys in which they are 
immersed are weak, but towards the completion of the pro- 
cess they are used as strong as possible ^ anc] in prepar- 
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ing stout sole leather, the sidns are kept in anjboze, ap« 

, preaching to saturation, by means of layers of pak bark. 

The infusion of oak bark, especially that (ptaxned by 
the first maceration, contains principally tanpin and ex- 
tractive matter ; any gallic acid, if present, as has been 
supposed, being at least in inconsiderable proportion. In 
tha course of the maceration of the skins in these liquors, 
the tannin combines gradually with the gelatin, which, in 
an organized form, principally constitutes the skin, and 
forms with it a compound insoluble in water, dense and 
impermeable to that fluid, while it possesses at the same 
time a certain degree of elasticity The extractive mat- 
ter also enters into the combina' ion *, for when skin in 
large quantity has exerted its full action on a small quan- 
tity of infusion, it at length abstracts the whole dissolved 
matter, and renders it colourless. From this extractive 
matter colour is derived, and the skin may perhaps be 
rendered more dense. 

It has been supposed, that the gallic acid frequently 
contained in vegetable astringents, facilitates the action of 
their tannin, in converting skin into leather. According* 
to the theory of the operation, as given by Seguin *, skin 
is gelatin in a hardened state, from slight oxidizement ; 
the gallic acid in some measure de* oxidizes it, and hence 
reduces it to that state in which it combines more easily 
with gelatin. There is little proof given, however, of this 
theory ; and it appears sufficiently established, that the 
operation can be performed without the presence of this 
acid : and indeed in the tan liquor prepared by one ma- 


* Nicholson’s Journal, 4to, vol. p. 
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ceration rrom oak bark, it is scarcely discoverable, and, 
if it do ea^st in it, is in intimate combination with the ex* ^ 
tractive matter. 

The opeption of tanning, as now described, requires a 
number of months, from the skins being successively and 
slowly* introduced into infusions of different degrees of 
strength. Seguin, after his discovery of tannin, propqsed 
to abridge the process, by introducing the skins more 
speedily into strong infusions of the tanning substance j 
ai\d in this way, according to the excellent report given 
on the art of tanning, hff Pelletier and Lelievre *, in which 
his method is fully delcribed, the whole could be finish- 
ed in about twenty dnys, and leather obtained equal in 
quality to that prepared by the old method. There i« rea- 
son, however, to doubt of the superiority of this new me- 
thod. Mr Nicholson, in some observations on .this sub- 
ject, when a patent was taken out for Seguin's method in 
this country ’*', stated, that from information acquired 
from the manufacturers, he found th«it they had previous- 
ly been sufficiently acquainted with the powers of the 
strong tanning infusions and that it had even been pro- 
posed to employ them so as to abridge the process. But 
the leather thus prepared was by no means equal to that 
prepared in the old method. The advantage of the slow 
and gradual process, appears to be, that the whole sub- 
stance of the skin is penetrated, and equally changed j 
while in the more rapid method the external parts must 
be more acted on ; and the texture probably will be more 

* Memoirs dc Chimie de Pelletirr, tom. ii. p. 357. 

t Journal, 4to, vol. i. p. 26. 
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unequal. It appears also from Mr Davy’s ex^rimentSt 
^ to combine with a larger quantity of the extr^tive mat- 
ter contained in the astringent infusion ; ana hence too 
the advantage of the immersions in the wealyliquors, as 
these contain more of this than the strong infusions. It 
must be confessed, however, that for any thing* theory 
can discover, the common process appears to be unneces- 
sarily protracted, and some advantage might probably be 
derived from adopting some of the manipulations of Se- 
guin. 

The skin in drying increases ii» weight, from the fixa- 
tion of the vegetable matter ; the quantity of this seldom 
exceeds one-third of its weight. jiThc increase is greater, 
according to Mr Davy’s experiments, from quick than 
from, slow tanning. In the latter, he supposes more of 
the extractive matter enters into combination, and this, 
weakening the attraction of the skin to tannin, less of this 
is absorbed, and less vegetable matter on the whole en- 
ters into the composition of the leather. Probably also, 
m the slow process, more of the animal matter is re- 
moved. 

Other substances are used in tanning, as the bark of 
the willow, elm, and other trees, and even galls and ca- 
techu. The leather prepared from these varies in cotour, 
and in some other external qualities. 

Another application of tannin is in the composition of 
writing ink. This is fornied from a mixture of galls and 
sulphate of iron macerated in water, a quantity of gum 
arable being added to prevent the liquid from being too 
thin and watery. It was imagined formerly, that the black 
colour was nroduced from the action of the callic acid on 
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the oxide of iron ; but as this acid is much inferior to tan- 
nin in prt ducing this colour, and as so much tannin ex-^ 
ists in thi; gall nut, it is chiefly from this principle, in 
combinatii n with the oxide of iron, that the colour must 
arise ; the sulphuric acid probably contributing to the 
solubility of the compound. The iron requires, for the 
full production of this colour, to be at the maximuru of 
oxidizement and hence ink, when first prepared from 
the green sulphate, is of a paler colour than it afterwards 
ar^umes. The vegetable matter is liable to slow decom- 
position : hence the rhouMiness of ink when it is long 
kept, and the decay o:| it by age, so that manuscripts at 
length become illegibll. The colour may be in some mea- 
sure restored in such a case, by spreading over the paper 
a dilute infusion of galls $ or a blue colour may be pro- 
duced, of course marking the letters, by using a dilute 
solution of an alkaline prussiate. On this subject, some 
observations were made by Blagden 

Tannin must also be regarded as the basis of the black 
dyes, these being obtained from sulphate of iron, acted on 
by infusions of galls, or other astringents. 

Tannin, it has been supposed, as a test of gelatin, 
may sometimes afford information of some importance in 
cases ot morbid afi’ection, as it can discover the presence 
of that principle, and even its quantity in any of the se- 
creted fluids. 


Philosophical Transactions, vol. Ixxvii. p. 451. 
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SECT. XV. 

GALLIC ACID. 

There existin the juices of many vegetables, especial* 
ly in their fruits, at certain states of maturity, compounds 
possessed of the general acid properties : And such acids 
are likewise found combined with some of the proximate 
vegetable principles ; or sometime^ united with the alkalis 
or earths, forming what have bedp named the Essential 
Salts of Plants. These native vegetable acids have been 
classed together ; and they no doubt possess a certain re- 
semblance in their properties, and in their chemical com- 
position. They are not however to be regarded as mere va^ 
rieties of a species ; each forms a species, or peculiar 
proximate principle, perfectly distinct, and with differ- 
ences as important as exist among the other immediate 
principles of plants. Seven acids of this kind have been 
distinguished, — the Gallic, Citric, Malic, Oxalic, Tartaric, 
Benzoic, and Acetic. To these may perhaps be added 
the Moroxylic acid, which has been more recently dis- 
tinguished. 

These acids are of similar composition : they have all 
a compound base of carbon and hydrogen existing in each 
in certain proportions, and acidified by oxygen ; hence, 
by subjecting them to operations in which the propor- 
tions are altered, they are sometimes converted into each 
other. The malic, citric, gallic, and perhaps some of tlie 
others, are thus convertible into the oxalic. This conver- 
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sion is effected by the action of substances communicat- 
ing oxygen, and may arise either from an additional pro-, 
portion of oxygen entering into the combination, or from 
a portion of hydrogen or carbon being abstracted. When 
subjected to destructive distillation, they afford a large 
quantity of empyreumatic acetic acid ; and they are pro- 
bably to be regarded as the most highly oxygenized of 
the vegetable products. 

.The Gallic Acid, the history of which is to be given 
in this section, it has >.ppt’ared from the history of tannin, 
has an intimate conifcction with that principle. They 
generally exist togetl^r, and either of them seldom is 
found in any vegetable without a portion of the other. 
There are some plants, however, as has been remarked 
under the history of tannin, which are said to contain the 
gallic acid alone. 

This acid exists in largest quantity in the gall nut, 
whence it has received its name. The infusion of this 
substance, it had been observed by the Dijon Academi- 
cians, has some of the properties of an acid : it reddens 
the infusion of litmus ; and they farther found, that this 
principle is raised by distillation, the product of this ope- 
ration striking a black colour with salts of iron ; and that its 
solution in water precipitates the alkaline sulphurets, and 
decomposes metallic solutions Scheele first obtained 
this acid, however, in a pure form, and described its pro- 
perties. He observed, that an infusion of galls had de- 
posited a sediment of a grey colour, and of a crystalline 


* Siemens de Chimie, tom. iii. 
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appearancei which had an acid but not astringent taste> 
and which precipitated sulphate of iron black. To inves- 
tigate the' nature of this salt, he allowed a strong infusion 
of galls to remain in a vessel imperiectly closed for some 
months. A thick mould was at first formed on its sur- 
face ; its astringent taste diminished, and its sourness in- 
creased* A sediment was at length collected at the bot- 
tom : tfiis was washed with cold water, and then as much 
boiling water poured on it as was sufficient to dissolve it. 
On evaporating the filtered solution by a gentle heat,, a 
salt was obtained, partly in the*foria of a fine sand, and 
partly in the form of radiated crydrals, of a grey colour 
which was not removed by repeated solutions and crystal- 
lizations. Tills substance is the Gallic Acid 

Other methods have since been employed to obtain it, 
less tedious, and affording it, perhaps, in a state of rather 
greater purity. iScheele observed, that when galls are 
distilled with a strong heat, an acid liquor first passes 
over, and afterwards a saline matter rises, possessed of all 
the properties of gallic acid. This method has been em- 
ployed by Deyeux ; heat being slowly applied to powder- 
ed gall nuts in a glass retort. At first a limpid fluid con- 
denses in the receiver, and afterwards crystals of a white 
colour condense in the upper part of the vessel : the heat 
is stopt whenever the crystals towards the lower part be- 
gin to melt, as, if continued longer, a portion of oil is vo- 
latilized, and renders them impure. This process, as Mr 
Davy has remarked is the most simple, and least cx- 


* Crell’s Chemical Journal, vol. i. p. 24>. 
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pensive ; and perhaps scarcely any other need to be em- 
ployed. , 

Several others, however, have been proposed. Mr 
Davy found, that when carbonate of barytes is boiled for 
some time with an infusion of gall nut, it alFords a bluish 
green *liquor, which appears, from the common tests, to 
contain neither tannin nor extract. When diluted .sul- 
phuric acid is dropt into this liquor, it becomes turbid ; 
sulphate of barytes is precipitated ; and, after if 

the saturation of the earth be perfect, a colourless solu- 
tion, apparently purc,*is obtained Mr Fiedle* \u\s m- 
ploycd the affinity of Another earth, argil, to tannin and 
extractive matter, to rpstract them from the gallic acid of 
the infusion of galls. He boils an ounce of galls in six- 
teen ounces of water, untd half the quantiry of liquid is 
evaporated ; he adds to this the quantity of arg;l which is 
obtained from the decomposition of two ounces of alum 
by an alkaline solution, agitating them frequently. Auer 
twenty-four hours, the hquoi l)cii>g filtered, passed colour- 
less, — a proof that the extract had been abstracted ; and 
it was not rendered turbid by solution of gelatin,— a proof 
that the tannin had also been removed. This 1 quor be- 
ing concentrated by evaporation, afforded the pure gallic 
acid»in acicular crystals f . This process was performed 
by Mr Davy, but without pcrfect,^uccess ; ihe filtered li- 
quor, when the argil had not been boiled with it, still 
giving a slight precipitate with gelatin, while, when it had 
been boiled, the greater part of the gallic acid, as well as of 


* Journals of the Royal Institution, vol. i. p. 27 i. 
t Nicholson’s Journal, 8vo, vol. i. p. 237. 
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the other principles^ had been abstracted. Proust has ein« 
^ployed the affinity of oxide of tin for the same purpose : 
dropping 'muriate of tin into the solution of the acid, as it is 
obtained by the first process of Scheelci while any flocculi 
precipitate, and, from evaporation of the filtered liquor, a 
voluminous mass of white and brilliant crystals are obtain* 
ed Richter lias given another process, in which an in- 
fusion of galls in cold water is evaporated to dryness. 
Pure alkohol is poured on the dry matter : it dissolves the 
gallic acid, and leaves the tannin undissolved : the alkohol 
is distilled from the solution t<f ne^ly a solid mass. Wa- 
ter is added to this, and a gentle Ueat applied. A solu- 
tion, clear, and almost colourless, »s obtained, which, by 
evaporation, affords small white prismatic crystals of gal* 
lie acid, about half an ounce of them being obtained from 
a pound of galls f . The process, however, is liable to in- 
accuracy *, for, if the alkohol is not very highly rectified, 
a portion of the tannin will likewise be dissolved ; and 
perhaps it is to be suspected, that, in any method of per- 
forming it, a small quantity of this principle will be taken 
up, and will adhere to the gallic acid. 

This acid, when obtained pure, is in slender prisms of 
a perfectly white colour, which suffer no change from ex- 
posure to the air : its taste is sour, and its solution ^red- 
dens, the vegetable colours, and excites effervescence with 
the alkaline carbonates. 

It is soluble, according to Scheele’s experiments, in Its 
weight and a half of boiling water : the solution, as it 

• Journal de Physique, tom. Ixi. p. 117. 

f Philosophical Magazine, vol. xxiii. p. 74. 
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cools, becomes turbid, from the formation of small crys- 
tals *, and It requires 24 parts of cold water for its solu-, 
tion. It is much more soluble in alkohol : it dissolves in 
its own weight when the alkohol is boiling, and requires 
about four parts when the alkohol is cold. 

When exposed to heat, it fuses, giving an agreeable 
odour, and leaving a hard coal, wdiich is with difEculty 
reduced to ashes. When the operation is performed in a 
retort, after it has melted, an acid liquor comes over, 
without any oil ; and a portion of it at length sublimes, 
remaining fluid while Ihe heck of the retort is hot, but 
shooting into crystals^ as it cools. A large quantity of 
charcoal remains in life retort. The sublimed acid ap- 
pears to differ a little from the original one : it has near- 
ly the same taste and odour a^ the acid of benz oin, but 
it retains the other characteristic properties of the acid. 
These facts were ascertained by Scheolc. Deyi ux farther 
found, that, during the dec^jmpusition of this acid by heat, 
an aeriform fluid is disengaged, which contains oxygen 
gas in larger propc^rtion than atmospheric air ; and that, 
by repeated distillatioTis, or exp ising always the quantity 
that sublimes anew to heat, it may be completely decom- 
posed. He has concluded, that it consists of carbon and 
oxygen, since it is resolved into these in its decomposi- 
tion ; and that it contains more carbon than carbonic 
acid There can be no doubt, however, of hydrogen 
also existing in its composition, though the proportion of 
carbon it contains is undoubtedly large. Scheele found, 
that by treating it with nitric acid in the usual manner, it 
is converted into oxalic acid. 


* Annales dc*Chimie, tom. 
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This acid combines with the alkalis and earths^ form* 
^ing salts denominated Gallates, the properties of which 
have beeb very little examined* Richter has remarked^ 
that the alkaline gallates form black precipitates with so- 
lutions of iron, and likewise precipitate all other metallic 
solutions. Its combinations with the alkaline earths have 
a cpnsiderable degree of solubility, so that, if the solutions 
are dilute, no precipitate appears when they are form- 
ed, especially if there be a slight excess of the acid. 
According to Proust, when gallic acid is saturated wjth 
the alkalis, it always gives liquors^of a green colour i but 
as the acid itself is white, and askolourless acids do not 
produce with the alkalis coloured iialts, this may probab- 
ly be owing to foreign matter adhering to the acid which 
the saturation developes. 

Scheele remarked, that gallic acid precipitates metals 
from their solutions of different colours ; and he added 
several facts with regard to these precipitations. Its so- 
lution gives a dark green colour to a solution of gold, and 
makes it deposite by degrees a brown powder, which is 
gold revived. A solution of silver is rendered brown, 
and deposites, if warm, a grey powder, which is silver in 
its metallic state. A solution of mercury is precipitated 
of an orange yellow. A solution of copper yields a blown 
sediment. Acetated lead is precipitated of a white colour. 
Bismuth gives a lemon coloured precipitate. The acid of 
molybd 2 ena becomes of a dark yellow, without any preci- 
pitation. Platina, zinc, the acid of arsenic, tin, cobalt, 
and the regulus of manganese, undergo no change *. 


* Crell’s Chemical Journal, vol. i. p. 28* 
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Gallic acid gives a black colour With the salts of iron : 
the precipitate on which this depends is^ as Proust has^ 
remarked, much finer, and remains longer soispendeil 
than that from tannin. In this action, the gallic acid 
appears to have nearly the same relation to the oxide that 
tannin*has. When added to the solution of the pure and 
neutral green sulphate, it produces no change of colour 
immediately, but, from exposure to the air, the dark co- 
lour appears. According to Proust^s view, of the sub- 
ject *, this is owing to the iron in the green sulphate not 
being suOiciently oxidized* to form the coloured com- 
pound ; and exposure *o the atmosphere produces the co- 
» 

lour, by producing thi&^ higher oxidizement of the metal. 
Berthollet has contendec/, however, that other causes likc-^ 
wise operate in the production of this coloured combina- 
tion, and that the theory of it is not so simple. He has 
remarked, that, if the acid has been added to the solution 
of the sulphate of iron without producing the dark co- 
lour, it immediately appears on large dilution with wa- 
ter, or on the addition of a little alkali without the contact 
of the air ; or if a little iroa> filings be put into a flask of 
the mixed solutions, colour is acquired rapidly, though 
their effect must, be de-o,xidizing. He supposes, there- 
fore, |hat the gallic acid does not form the black coloured 
precipitate with the green sulphate of Iron, not from the 
low state of oxidizement merely, but because the sulphu- 
ric acid has too much power over the black oxide, and 
retains it too strongly. But if the action of the sulphuric 
add be weakened by a sufficient quantity of water, by an 
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alkali, or by iron acting on it, then the oxide may com<- 
^ bine with the gallic acid ; and a higher degree of oxi- 
dizemeilt, snch as that which exists in the red sulphate, 
favours the combination, from the metal in that state 
having a less strong attraction to the sulphuric acid 
Richter has adopted the same views, and has maifitained, 
th^t, when a solution of gallic acid imjpediately forms a 
black piecipitate in neutral solutions of iron, it is not 
pure, and commonly contains tannin, which combines 
with the sulphuric acid, and separates from it the oxide 
of iron, which then combines with the gallic acid f • Ber- 
thollet admits, however, that highly oxidized iron {>rodu- 
ces a deeper black with gallic acip than iron in a lower 
, degree of oxiciizement,- 7 -an effed which he formerly sup- 
posed owing to tlie acid being partially decomposed, part 
of its hydrogen being attracted by the excess of oxygen in 
the oxide, and carbon being transferred to the imperfect 
oxide, with which the remaining acid then combines. 

According to Proust, gallic acid dissolves tannin, or ra- 
ther renders it more soluble in water. Partly from this, 
and partly from both principh’S forming compounds with 
oxide of iron of a black colour, arises the advantage de- 
rived from their combination in the formation of inks and 
black dyes, or the superiority of a mere infusion of a ve- 
getable astringent containing both, as the gall nut, to the 
use of either in a purer state. These applications, which 
partly depend on the agency of gallic acid, have been al* 
ready taken notice of under the history of tannin. 


* Chemical Statics, vol. ii. p. 232. 
f Philosophical Magazine, vol. xxiii. p. 75. 
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MALIC ACID. 

ScHLELE, in examining the acid juices Of unripe fruits^ 
found that they consisted generally of two acids, mingled 
in different proportions ; one, which, existing in abund- 
anee and in a pure state in the fruit of the lemon, he 
named Acid of Lemons* and which has since received the 
name of Citric Acid ; tlie other, which, from composing 
principally the juice of unripe apples, he named Acid of 
Apples, and which has since received the appellation of 
Malic Acid. The fruit of the gooseberry, of currants, 
bilberries, beamberries, cherries, strawberries, cloudber- 
ries, and raspberries, contain nearly equal quantities of 
both acids ; cranberries, whortleberries, birdcherries, and 
doghips, contain the citric, with little of the malic acid ^ 
while the juice of the barberry, elderberry, sloe, and 
plumb, consists of the malic acid, with little or no traces" 
of the citric. It is probable, however, that the propor- 
tions of these in the same fruit will vary at different pe- 
riods of vegetation, and may even be altered by culture 
and climate. The history of the Malic acid is first to be 
given, ^ 

The process which Scheele gave for its extraction is to 
saturate the expressed juice of unripe apples by the ad- 
dition of carbonate of potassa : to the saturated liquid, 
acetite of lead is added, as long as there is any precipita- 
tion : the precipitate, which is the compound of malic 
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acid and oxide of lead, is washed, and diluted sulphuric 
* acid added, until the mixture has a perfectly acid taste, 
without any sweetness : the malic acid thus disengaged 
is then separated by filtration from the sulphate of lead 

When it exists in fruits in combination with the citric 

i. 

acid, the process which Scheele employed to separate 
thdh), was to evaporate the expressed juice to the con« 
sistence of honey, and then dissolve it in alkohol : the 
mucilaginous matter was thus removed, and the two acids 
existed in the solution. This being filtrated, the alkohol 
was evaporated, and to the remaining acid fluid twice its 
weight of water was added. It was then saturated with 
chalk the citric acid forms with ^the lime of the chalk an 
insoluble compound, which is precipitated, the precipita* 
tion being promoted by boiling the liquor a little. The 
compound of lime and malic acid which remained in so* 
lution was precipitated by alkohol, and washed with that 
fluid, to carry off any saccharine or other ve^table mat- 
ter : the malate of lime was decomposed by the addition 
of acetite of lead, and the malate of lead thus obtained 
decomposed by sulphuric acid, as in the preceding pro- 
cess. 

Malic acid, it was also found by Scheele, can be arti- 
ficially formed. Sugar, it has already been stated, ^ when 
acted on by nitric acid, is converted into oxalic acid i but 
^cheele observed, that in this process a quantity of malic 
acid is also produced. If the oxalic acid formed in that 
process be separated, by adding lime-water as long as 
there is any precipitation, there still remains in solution 


* Grell^s Chemical Journal, vol. ii. p. 
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anotlier acid, which neither gives any indication of nitric ' 
acid^ nor precipitates lime-water. This is the malic acid, 
which he separated by a process similar to that last de- 
scribed. It is probable, that the malic acid is the primary 
product of this operation, and that, as it is formed, part 
of it Is converted, by the continued action of the nitric 
acid, into oxalic acid. 

Scheele having discovered this fact, examined the re- 
sults of the action of nitric acid on a number of other ve- 
getable substances, and found, that various mucilages, fe- 
cula, and extractive substances, afforded it, generally with 
oxalic and sometimes«with saccho-lactic acid. Essential 
oils yielded very little of either, and animal substances 
afforded portions of them only when acted on by concen- 
trated nitrous acid. Oxymuriatic acid forms it from gums 
still more readily than nitric acid does. ^ 

Malic acid is not susceptible of crystallization. By this 
it is particularly distinguished from the other vegetable 
acids, and is also capable of being more easily detected 
when mixed with them, as it forms the uncrystallizablc 
residue of the liquid from which they have crystallized. 
When much evaporated, it becomes thick and viscid. Its 
solution, when strong, is of a brownish red colour, has a 
very, sour taste, and reddens immediately the vegetable 
colours. 

When exposed to heat, it is easily decomposed : ks 
colour darkens ; it swells up, exhales an acrid vapour, and 
leaves a voluminous coal. When subjected to destruc- 
tive distillation, the products are an acid liquid, much car- 
Ijonic acid gas, witli a portion of carburetted hydrogen, 
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and charcoal. The acid thus formedi a{:cording to Four* 
croy, appears to be the empyreumatic aceticy or, as it was 
named, pyro-mucoOs acid. 

Malic acid, in the state of its watery solution, suffers, 
when kept, spontaneous decomposition. 

It is decomposed by the more powerful acids.* Sul- 
phuric acid chairs it : nitric acid converts it into oxalic 
acid. 

It unites with the alkalis and earths, forming salts dc<^ 
nominated Malates, the properties of which have scarcely 
been examined but by Scheelei With the three alkalis it 
forms salts, which he remarks art deliquescent. With 
lime it forms a salt, when neutral, in small irregular crys- 
tals, which require a large quantity of boiling water for 
^ their solution ; but when there is a slight excess of acid, 
they are readily soluble in cold water. In combining with 
barytes, the results are similar. By the comparative so- 
lubility of these combinations with this earth, it is easily 
distinguished from oxalic and some of the other vegetable 
acids. With argil it affords a neutral salt, which is not 
easily soluble in water } with magnesia, a deliquescent 
salt. 

Malic acid acts on some of the metals. Schecle ob- 
served, that it dissolves iron and zinc : the solution of 
malate of iron is brown, and not crystallizable ; that of 
zinc yields regular crystals. He adds, that upon the 
other metals it has no perceptible effect. It combines, 
however, with their oxides, and, in consequence of such 
isombinations, causes precipitates in several of the metal- 
lic solutions. It precipitates, in particular, the nitrates of 
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mercury, lead, and silver, by which it may be distinguish* 
ed from citric acid, which does not occasion precipitation in. 
these solutions. It also decomposes the solution of gold, 
and even reduces the oxide to the metallic state. 

This acid is applied to no use. 


SECT. XVII. 

• . 

dlTRIC ACID. 

It is this acid which exists in the juice of the lemon 
and lime, and gives it Its sourness. It is mixed, however, 
with mucilaginous and extractive matter^, and we are in- 
debted to Scheele for the first process by which the acid 
is obtained pure, and for the knowledge of its properties ' 
in this state. 

He found, that it could not be obtained pure and crys- 
tallized by mere evaporation of the lemon juice, and that 
even the addition of alkohol did not separate completely 
the foreign matter. The process he followed is to saturate 
the .expressed juice of the lemon, by the addition of 
chalk. The citric acid, combining with the lime, forms 
an insoluble compound, which of course precipitates. 
This is well washed with warm water, until the water 
pass off colourless ; and in this way the mucilage and ex- 
tractive matter are abstracted. The citrate of lime is then 
subjected, in a matrass, to the action of as much sulphuric 
acid, previously diluted, as is sufficient to saturate the lime 

Ui< 
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of the quantity of chalk that has been emj^Ioyed. The 
otStric acid is disengaged and dissolved by the water : the 
mixture is boiled for a few minutesi to facilitate the pre- 
cipitation of the sulphate of lime, and is then filtered. 
The filtered liquor is evaporated to the consistence of 
s^rup) any*sulphate of lime separated during the evapora- 
tion being withdrawn \ and^ on cooling and standing for 
some time, the citric acid is obtained in needle-like crys- 
tals. Sciieele found it useful to add a slight excess of 
sulphuric acid, which afterwards remained in the residual 
liquor ; and Dize, in some obs*ervations on this process 
has remarked, that this is requisite to decompose and fa- 
cilitate the separation of a portion of mucilage or extract- 
ive matter, which still adheres to the citric acid when 
it combines with the lime, and which, when the acid is 
afterwards disengaged, opposes its crystallization. This 
the free sulphuric acid chars towards the end of the eva- 
poration. It is not improbable, however, but that the 
brown or even black colour which the acid assumes at 
that stage, when an excess of sulphuric acid is present, 
may be owing, as Mr Nicholson remarked, to the action 
of that acid on the citric acid itself i and Proust, in some 
observations on the process, has observed, that if too great 
an excessof sulphuric acid be used, this happens, and the e- 
vaporated fluid refuses even to crystallize f . He has add- 
ed some facts with regard to the proportions that may be 
useful in conducting the process. Four ounces of chalk, 
saturated with lemon juice, required for the saturation 94 


* 
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ounces 5 and from this 7f ounces of dry citrate of lim^s 
were obtained. The four ounces of chalk required for its , 
saturatio;i 20 ounces of a diluted sulphuric acidy compos* 
ed of one part of the common sulphuric acid, with three of 
water ; and, of course, this is the quantity of that acid 
to be used in decomposing this quantity of citrate of 
lime. • 

Citric acid exists in a number of other fruits, from 
which it may be extracted, and much, I believe, of what 
is at present found in the shops, is prepared from the 
juice of the lime. From Vauquelin’s analysis of the pulp 
of the tamarind it aj)pears to be the chief "acid consti- 
tuent of that fruit ; one pound of the common prepared 
pulp of the shops, containing an ounce and a half, with 
smaller quantities of malic and tartaric acids. 

Citric acid obtained by a 6rst crystallization, is not per- 
fectly white, but it becomes so when the crystallization is 
repeated. Its crystals, when regular, which they are on- 
ly when formed on a large scale, are rhomboidal prisms, 
acuminated by four planes. Its acid powers are very con- 
siderable : its taste is extremely sour, and almost caustic ; 
and it instantly redduns the vegetable colours. 

Exposed to heatj tlie crystals melt, from the solvent 
power of their water of crystallization ; by the continu- 
ance of the heat, the acid suffers decomposition, exhales 
an acrid vapour, and is reduced to a coal. Subjected to 
destructive distillation, it affords an acid liquor, which ap- 
pears to be the acetic, afterwards carbonic acid gas and 
carburetted hydrogen, leaving a light charcoal. 


* Annalcs do Chimio, torn. v. p. 101. 
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This acid is very ^soluble in water. At a moderate 
^ tempera ture^ 100 parts of water dissolve, according to 
Vauquelin, 75 parts, cold being produced during the so- 
lution; at 212^ it dissolves twice its weight of it. Like 
the other vegetable acids, its solution undergoes sponta- 
neous decomposition, though not very readily. 

The more powerful acids decompose it, though with 
some difBculty. Concentrated sulphuric acid converts it, 
according to Fourcroy, into acetic acid. Scheele remark- 
ed, that nitric acid did not convert it, as it did som^ of 
the other vegetable acids, into oxalic acid but Fourcroy 
and Vauqueliii have found, that when acted on by a large 
quantity of nitric acid for a long time, it affords a small 
portion of oxalic, with a larger portion of acetic acid. 

Citric acid combines with the alkalis and earths, form- 
ing salts denominated Citrates ; the properties of which 
have been examined with care by Vauquelin, the results 
of whose experiments have been stated by Fourcroy 

The citrate of potassa is very soluble, and does not cry- 
stallize but with difficulty, and is deliquescent : its taste 
is purely saline, and rather mild. It contains 55.55 of 
acidj and 44'.4'5 of alkali. Citrate o^ soda is likewise very 
soluble, requiring little more than its weight of water for 
its solution i it crystallizes in six-sided prisms, and the 
crystals are slightly efflorescent. Their taste is faintly sa- 
line : the proportions of the solid salt are 60.7 of acid, 
and 39.8 of soda. Citrate of ammonia is equally or even 
more soluble than the others, and does not crystallize but 
when its solution is much concentrated : the form of its 


System qf Chemical Knowledge, vol. vii. p. 282. 
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Crystals is an elongated prism. It consists of 62 of acid, 
and 38 of ammonia. « 

The earthy citrates are in general less soluble. When the 
solution of barytes is poured into the acid, a precipitate, so* 
luble in the liquid by agitation, is formed ; when the whole 
is saturated, the salt is deposited at first in the form of a 
powder, which is covered afterwards with a kind of rry- 
stalline eiHorcscence, and which a large quantity of water 
dissolves. It consists of 50 of acid, and 50 of base. When 
the, citric acid is saturated by lime, small crystals are de- 
posited, ydiich are verjT sparingly soluble : 100 parts con- 
tain 62.66 of acid, an<> 37.34- of lime. When saturated 
by magnesia, the concentrated solution does not easily 
crystallize regularly, but rather assumes the state of a 
white, opaque, and somewhat spongy salt. The propor- 
tions of the salt, are 66.66 of acid, and 33.34- of base. 

Vauquelin has likewise examined the action of citric 
acid on the metals. It does not dissolve silver, but it com- 
bines with its oxide, and forms a salt insoluble, of a harsh 
and strong metallic taste, and which, like the other salts 
of silver, is blackened by light : it is also decomposed by 
heat, leaving metallic .silver intermixed with charcoal. It 
consists of 36 of acid, and 64- of oxide. Quicksilver is 
scarcely more acted on by citric acid, but its oxide com- 
bines with it; the red oxide, when added to the acid, causes 
an effervescence, and' becomes white and solid : the salt? 
is not perceptibly soluble in water, but is decomposed by 
it, the water becoming milky. It is decomposed by hear, 
and the oxide is reduced. Zinc is dissolved readily by a 
solution of citric acid, hydrogen gas being disengaged ; 
and the solution, after some hours, deposites small bril- 



CITRIC ACID. 


S16 

liant crystals insoluble in water : 100 parts of this salt con* 
^ tain nearly equal parts of acid and oiide. , Iron is dissolv- 
ed nearljr in the same manner : the solution is of a brown 
colour, and by spontaneous evaporation it deposites small 
crystals. Evaporated by heat, it becomes black and pul- 
verulent. This salt is very soluble in water ; its*taste is 
very astringent.: it consists of 30.38 of oxide, and 69.62 
of acid. 

As affording chemical characters by which this acid 
may be distinguished, it may be added, that solutions of 
the acetitcs of magnesia, lime$ and argil ^ of the ^muriates 
of barytes, lime, argil, and magnesia ; and of the nitrates 
and sulphates of these sul^stances, undergo no apparent 
change from the addition of citric acid. The muriates 
and nitrates of zinc, the sulphate, muriate, nitrate, and 
acetitc of copper, and the nitrate of lead, are not decom- 
posed by it ; but the acetitc of lead gives immediately a 
precipitate of a white powder. The nitrate and acetite of 
mercury are also immediately decomposed, and a precipi- 
tate of a brick red colour thrown down. The acetite and 
sulphate of iron in solution, receive from it a green tinge 
Ail the alkaline citrates are precipitated by the solution 
of barytes : th.e precipitate which they form with calca- 
reous salts, is soluble in less than 500 parts of water. 
The oxalic and tartaric acids decompose them, and form 
in their solutions crystallized or insoluble precipitates f. 

Citric acid, in its crystallized state, can be preserved for 

ibize, Nicholson's Journal, 4to. vol- ii. p. 45. 

Vauquelin, Fourcroy’s Chemistry, vol. vii. p. 286. 
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any length of time without decomposition ; and a grate* 
ful lemonade may be prepared from it, by dissolving 30 or , 
40 grains in a pint of water, with the addition of a little 
sugar ; and to communicate flavour, a little lemon peel, or 
powder formed by rubbing sugar on the fresh lemon. 
The lemon juice may be regarded as a specific in scupry, 
and there is every probability that the crystallized citric 
acid may be etjually effectual. 


SECT. XVITI. 

OXALIC ACID. 

It has been long known, that a crystaiiized acid salt 
could be procured from the juice of some of the species 
of sorrel, particularly the Oxalis acetosclla. Margraaf 
discovered the existence of potassa in this salt, and of 
course proved that it is not a pure acid ; but the nature 
of the acid which it did contain, was for some time not 
well determined. Bergman discovered that sugar, when sub- 
jected to the action of nitric acid, aflFords an acid of a par- 
ticular nature, the properties- and combinations of which 
he examined ; and some time afterwards, Schccle made 
the discovery, that the acid which exists in the salt of sor- 
rel is precisely of the same nature ; that it may be ex- 
tracted from that salt and obtained pure ; and that, on the 
other hand, a salt perfectly analogous to the salt of sorrel, 
may be formed by combining the acid prepared from su- 
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^ gso^ with such a quantity of potassa as shall still leave an 
excess of acid. To tins acid, thus existing in the vegeta- 
ble kingdom, and capable also of being artificially formed, 
the name of Oxalic has been given. 

The native salt of sorrel, the super-oxalate of potassa, 
is extracted from the juice of the sorr^b by the following 
process The leaves of the plant are bruised with a little 
water, and the juice expressed ; the impurities are allow- 
ed to subside, and the separation of any foreign matter is 
facilitated by heating it slightly : it is then clarified ,by 
adding to it water, in which a ‘small portion of fine clay 
has been suspended, and with whi5h it is agitated. The 
clarified juice is put into boilers of tinned copper, and is 
boiled gently, until a pellicle forms on its surface : it is 
then put aside for a month, in earthen vessels : a salt cry- 
stallizes on the sides of the vessel, of a greyish colour ; 
and fresh quantities of this are obtained, by renewing the 
evaporation and clarification. The whole salt is then pu- 
rified by a second crystallization, and is obtained perfect- 
ly white and well crystallized *. It is known in the shops 
under the name of Salt of Lemons, and is used principal- 
ly for removing stains from ink. It is prepared in some 
districts of Switzerland and Germany. 

Schecle obtained the acid from this salt, by adding to 
its solution in water a solution of acetate of lead prepar- 
ed with distilled vinegar, as long as there is any precipi- 
tation. The precipitate is the oxalate of lead. It is wash- 
ed with water, and decomposed ^by the addition of the 
due proportion of sulphuric acid ; this being estimated 


* Aonales de Chimie, tom. xiv. p. 7. 
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from the quantity of it, known by a previous experiment 
to be necessary for the decomposition of the quantity of 
acetate of lead employed^ The oxalic acid rem&ins dis- 
solved, the sulphate of lead being precipitated, and Is ob- 
tained by slow evaporation, in regular prismatic cry- 
stals 

^The same acid exists, in a similar state of combination, 
in other species of sorrel •, and it is found in other vege- 
tables. The earthy-like matter disseminated in streaks in 
the^ root of rhubarb, Scheele found to consist of oxa- 
lic acid, combined wit!? lime f ; and he found it also in 
the roots of many other plants, as bistort, liquorice, flor- 
entine orricc, squil, turmeric, tormentil, ginger, £<c* aiul 
in the barks of cannclla, cascarilla, cinnamon, qua.sia, 
oak, elm, and otliers Deyeux found, that the re d juice 
contained in the fibres of chick pease was pure oxalic 
acid i though Dispan has since stated some imperfect ex- 
periments, in ctmscquence of which he considcr-jd the 
acid obtained from tins vegetable to be a peculiar one, to 
which he gave the name of Ciccric jj. 

'rhe artificial formation of this acid from sugar is ef- 
fected according to the process described by Bergman. 
One ounce of refined sugar, in powder, is mixed in a tu- 
bulated retort, with three ounces of strong nitrous acid, 
the specific gravity of which is 1.567 ; when the solution 
is completed, and the disengagement of nitric oxide gas 
which attends it has ceased, a receiver is to be luted, to 


* Crell’s Chemical Journal, vol, i. p. 108. 
f Ibid. p. 34. ^ Ibid. vol. iii. p. 1. 

II Annales de Chimie, tom. xxx. p. 179. 
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the retorti and the solution gently boiled. When, the 
^ qnor* acquires a dark brown colour, three ounces more of 
nitrous hcid are to be poured on, and the boiling conti- 
nued until the coloured and smoking acid has entirely dis- 
appeared. The liquor in the retort being poured out, on 
cooling there are formed in it numerous slender <frystals» 
being quadrangular prisms, and which, when collected 
and dried on bibulous paper, weigh 1 09 grains. The re- 
maining liquor, boiled again with two ounces of nitrous 
acid until the red vapours begin to disappear, on cooling 
affords 48 grains of crystals. And tf to the glutinous liquor 
which remains after this, there®be added, at different 
times, small quantities of nitrous acid, amounting in all 
to two ounces ; on boiling it to dryness a saline mass is 
formed, brown, glutinous, and deliquescent, which, when 
perfectly dried, amounts to half a drachm, but in purify- 
ing loses nearly half its weight *. The quantity, how- 
ever, obtained of the acid in .this process, is liable to vary ; 
for if the nitric acid be boiled too long, a portion appears 
to be decomposed, and the crystallized product is of course 
diminished. The crystals require to be rendered pure by 
repeated solutions and crystallization. 

The changes that are effected in this production of 
oxalic acid from sugar, are not yet perfectly ascertained. 
Oxygen is indeed communicated from the nitric acid ; 
but it remains rather uncertain how this operates in the 
production of the acid. From the smalt quantity of ackl 
obtained from a given quantity of sugar, it is obvious that 
it does not merely combine directly with the saccharine 


* Bergman’s Essays, vol. i. p. 304. 
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matter so as to acidify it : it therefore unites with por* 
tions probably both of its carbon and hydrogen, forming* 
water and carbonic acid, and leaving the remaining ele- 
ments in those proportions, and in that state of combina- 
tion, which constitutes oxalic acid. There is also always 
a formation of malic acid, and the uncrystallizable resi-. 
dual liquor consists principally of this. • 

This acid is formed also from other vegetable substan- 
ces subjected to a similar process. Bergman obtained from 
1 QO parts of gum arable about 26 of acid ; from 8 of al- 
kohol, 3 parts ; and* frdm a great ni^ber of vege- 
table products, it may be obtained, as has been already ob- 
served, in greater or less quantity. It is even afibrded by 
some animal substances, being left when they have been 
acted on by nitric acid so as to disengage their nitrogen. 
The theory of its production in these cases must be the 
same. 

The acid obtained by these different processes, when 
perfectly freed from foreign matter, is precisely the same. 
It has been generally examined by chemists in the state 
in which it is ..fForded by the oxygenizement of sugar, as 
this process is less troublesome than e^ttracting it from 
the salt of sorrel. We are indebted to Bergman for a 
knowledge of its principal properties and^ combinations. 

Oxalic acid crystallizes in slender four-sided rhomboi- 
dal prisms, bevelled at each extremity, subject, however, to 
various modifications. The crystals are of a white colour, 
permanent in the air, or slightly efflorescent. Their taste 
is very sour, and they communicate this, as well as the 
power of reddening the vegetable colours, to a large quan- 
tity of water. Twenty grains give ^ sensible acidity to 
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three pints. They are soluble in twice their weight of cold 
e water, and in an equal weight of boiling water. They are 
also soluble in alkohol ; 100 parts when boilingi taking 
up nearly 56 of the acid, at an inferior heat^not above 40* 
They dissolve in sulphuric ether, but with difficulty 
Exposed to heat, the water of crystallization is first 
dissipated, and the acid melts : when it begins to boil, it 
becomes brdwn, and is decomposed a quantity of an a« 
. cid liquor passes over j an acid powder is condensed in the 
neck of the receiver, which is the oxalic acid, extremply 
pure, the residuum being a browh qf grey matter and 
‘ a large quantity of elastic fluid is disengaged during this 
decomposition, of which about one-half is carbonic acid ; 
the other is inflammable, and appears to be carbonic oxide, 
or a variety of carburetted hydrogen. About 100 cubic 
inches of this mixed aerial fluid are obtained from the ex- 
periment performed on half an ounce of the 4^y$tals, of 
which, from the account Bergman gives of it, it is^ evi- 
dent that only part is decomposed. When the sublimed 
portion of acid is again subjected to the same operation, 
it is partly sublimed, and partly resolved into an acid li- 
quDr not crystallizable ; ’and by repeating it a third time, 
the decomposition is completed. In this analysis it is to 
be remarked, as^Fourcroy has stated, that there is nq pro- 
duction of empyreuihatic oil; which appears to prove, 
that this acid contains little hydrogen in its composition, 
but that its chief constituents are carbon and oxygen ; 
and as the other vegetable acids pre resolved into it by the - 
wcdoa of oxygen, it probably contains a large propor- 


* Bergman's Chemical Essays, vol. u p. 308. kc. 
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tion of this .principle. According to Fourcroy *, Vaaque* 
lin and he found in their investigations! that it is.compo- * 
sed of 77 of oxygen, 13 of carbon, and 10 of hydrogen. 

Oxalic acid is decomposed by the more powerful mi- 
neral acids. Sulphuric acid renders it brown, and when 
boiled on it entirely decomposes it. Nitric acid dissolves 
it, and when heat is applied becomes yellow ; on cooling, 
crystals are again deposited ; but if this operation be fre- 
quently repeated, the oxalic acid is at length destroyed. 
MiOriatic acid dissolves the crystallized oxalic acid, when 
assisted by heat, without decomposing it. 

Oxalic acid combines with the alkalis and earths, form- 
ing salts, named Oxalates, of which some arc soluble and 
crystal Hz able, but the greater number are of sparing so- 
lubility. 

Oxalate of potassa, when exactly neutral, is hot easily 
crystallized f but, if there be a slight excess, either of a- 
cid or of alkali, crystals are formed without difficulty. It 
is very soluble ; and its solution, on evaporation, becomes 
gelatinous. When there is an excess of acid, crystals 
are easily obtained ; they are deposited merely by drop- 
ping a solution of potassa into a solution of oxalic acid, 
and, when formed by evaporation, are regular, ■and near- 
ly of the same form as the acid itself. Th^ native salt of 
sorrel, it has been already observed, is a super-oxalate of 
potassa. It occurs generally in small irregular crystals, 
permanent in the air : its taste is sour, and it reddens im- 
mediately the vegetable colours. It is very Soluble in wa- 
ter, especially in boiling water, which, according to Wen- 


* System, vol. rii. p. 306. 
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zel, dissolves two-thirds of its weight. Its solution does 
not dec9nipo5e spontaneously as those of almost all the 
salts containing acids of vegetable origin do. The strong- 
er acids decompose it partially with^ difficulty : the alka- 
linc) and some of the earthy bases, as barytes and mag- 
nesia, enter into combination with its principles, and 
form triple safts. Lime decomposes it entirely by at- 
tracting its acid. It is decomposed by heat ; an acid li- 
quor being distilled over, which appears to b.e oxalic acid 
with little alteration. ' 

c * * 

Oxalate of soda is not very soluble, and can scarcely 
be obtained in regular crystals. It is separated, in its 
formation by the combination of its principles, in crystal- 
line grains. This salt is also disposed to combine and 
crystallize with an excess of acid. 

Oxalate of ammonia, formed by saturating water of 
ammonia with oxalic acid, is obtained by sfbw evapora- 
tion in quadrangular prisms, in which there is an excess 
of acid, and which are soluble in water, but not in alko- 
hol. When exactly neutralized, it appears to be still more 
soluble. 

Oxalate of barytes is deposited in pellucid angular 
crystals, when oxalic acid is saturated by the addition of 
barytic water: they are scarcely soluble in water boiled 
in distilled water, they split and fall to powder, but, on 
cooling, the small portion which is dissolved, again forms 
into similar crystals } the salt, by the agency of the wa- 
ter in tills experiment, beinjg apparently converted partly 
into a sub-oxalate, and partly into a super-oxulate. Oxa- 
late of strontites is likewise insoluble. With lime, in any 
state of combination, oxalic acid immediately combines, 
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and forms a compound of very sparing solubility, which 
is precipitated in the state of a powder. According to 
Bergman’s estimate, 100 parts of this salt consist of 48 
of acid, 46 of lime, and i6 of water. The compound is 
not easily decomposed by any single affinity, and, from its 
insolubility, as well as the force of attraction which its 
principles mutually exert, lime is the n>pst delicate test 
to discover the presence of oxalic acid, as this acid is to 
discover the presence of lime. Oxalate of magnesia ap- 
pears, when formed by saturating oxalic acid by magne- 
sia, in the form of a w4iite> powder, not soluble either in 
water or in alkohol, and consisting of about 35 of mag- 
nesia, and 65 of acid. Oxalate of argil is formed by di- 
gesting pure argil in oxalic acid : the solution on evapo- 
ration does not yield crystals, but a yellowish pellucid 
mass, of a sweetish astringent taste, which, when dry, 
deliquesce^in a moist atmosphere : it is sparingly soluble 
in alkohol. Bergman states the proportions of its consti- 
tuent parts at 44 of earth, and 56 of acid and water. 

Oxalic acid acts on several of the metals, especially 
those which are capable of decomposing water so as to 
pass to an oxidized state ; it unites with their oxld^ ; and 
it decomposes a number of the metallic salts. The prin- 
cipal metallic oxalates have been described by Bergman, 
and a few facts with regard to them have been added by 
Fourcroy. 

O/i oxide of gold it scarcely exerts any action but 
blackening it. It dissolves precipitated oxide of platina, 
and forms a yellow liquid which affords crystals of the 
same colour. It precipitates oxide of silver from its so- 
lution in nitric acid, forming with it a ^^hite powder 
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scarcely soluble in wateri and still less so in alkohol $ so- 
ciable in nitric acid, and blackened by the action of the solar 
rays. When heated in a spoon oven burning fuel, it is 
dispersed with a kind of fulmination. Oxide of mercu- 
ry is dissolved by the acid, forming a white pulverulent 
salt, which is not soluble in water unless it has an excess 
of acid, and whjich is blackened from exposure to the sun. 
The same combination is obtained by adding oxalic acid 
to a solution of nitrate or muriate of mercury. It fulmi- 
nates sensibly when heated. Copper, even in the metal- 
lic state, is dissolved by this aeid ;*and with still more fa- 
cility when it has been previously«oxidized : a powder is 
formed of a pale blue colour, scarcely soluble in water. 
A similar compo.und is precipitated when the acid is add- 
ed to a solution of any of the salts of copper. Iron is 
likewise dissolved by it with a disengagement of hydro- 
gen gas ; the solution has an astringent sweetness, and, 
when prepared without heat, exhibits prismatic crystals 
of a greenish-yellow colour, easily soluble in water, and 
which retain an excess of acid. The solutions of iron 
highly oxygenized, are precipitated by the acid in the state 
of a pbwder of a fine red colour. Lead digested with 
oxalic acid is corroded, but scarcely dissolved ; but when 
in the state of an oxide combines with it, and the ^solu- 
tion, when approaching to saturation, forms crystalline 
grains, which subside, and which are scarcely soluble in 
water, except from an excess of acid being added,. and 
not at all in alkohol : this precipitation happens too 
when an^of the salts of lead is decomposed by the acid. 
Oxalate of tin is formed by the action of the acid on the 
metal assisted by heat : the solution has a styptic taste, 
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and exhibits prismatic crystals) or when evaporated quick- 
ly to dryness a hom-like mass. Zinc is dissolved by the • 
acid with facility) and with a strong effervescence) from 
the disengagement of hydrogen gas ; a white powder is 
formed, not soluble in water, unless from an excess of a- 
cid. Vrith oxide of bismuth, it forms a white pulveru- 
lent salt) scarcely soluble in water j and a similar com- 
pound in transparent grains is slowly deposited on the ad- 
dition of oxalic acid to nitrate of bismuth. Nickel di- 
gested with it is covered with a greenish-white cru^t i 
and a powder of a similar 'appearance is^precipitated by it 
from the salts of nickdl : this powder is soluble ill water 
in small quantity, and assumes a yellow colour. Cobalt 
is dissolved by it, or rather is converted into a powder of 
a pale rose colour, scarcely soluble in water, but becom- 
ing soluble from an excess of acid ; and a similar com- 
pound is formed by the addition of the acid to any of the 
salts of cobalt. Black oxide of manganese efffeiyesces with 
oxalic acid, probably from the disengagement of oxygen 
gas } and the saturated solution deposites a white powder 
scarcely soluble in water, unless the acid be in excess i 
this is also formed by the addition of the acid to the so- 
lutions of manganese. Antimony in the state of oxide is 
dissolved slowly : the solution in which the acid is pre- 
dominant, aflFords crystalline grains, which are scarcely 
soluble in water. White oxide of arsenic is easily dis^ 
solved ; and the solution on evaporation affords prismatic 
crystals, which, melting with a gentle heat, emit the su- 
perabundant acid : they are still soluble in water and al- 
kohol ; and are sublimed and decomposied by heat. 

Oxalic acid is scarcely applied to any use except as a 
X4 
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chemical test. It has already been stated, that It is one 
•e^ctremely delicate in detecting the presence of lime. Ac- 
cording to Bergman, one grain of the concrete acid of the 
size of a pin’s head, ^iscovers one grain of ' pure lime in 
42.250 ^grains of water by the cloud it produces. ' It is 
rendered less delicate by the presence of any free acid ei- 
ther existing in*the liquid containing the lime, or disen- 
gaged from a state of combination with the lime itself ; and 
hence such acid ought to be saturated previously by an ad- 
dition of ammonia, or oxalate of ammonia, instead of pure 
oxalic acid, should be used. Brugnkelli published some 
experiments to prove that oxalic acid is a less delicate and 
less accurate test of lime than is generally supposed ; and 
that this earth is not indicated by it when it is known to 
exist, or when it is detected by other tests Darracq 
repeated these experiments, and found them incorrect, ex- 
cept in so far as regards the effect of an excess of any 
acid in preventing the precipitation of oxalate of lime 
which had been before known to chemists, and which 
Can be obviated by the methods pointed out f . 

Super-oxalate of potassa, the native salt of sorrel, is used 
under £he name of Salt of Lemons, to remove ink-stains 
from linen ; an effect it produces by the oxalic acid dis- 
solving with facility the oxide of iron in the ink, on the 
combination of which with the tannin and gallic acid the 
colour depends ; while, at the same time, it can be used 
without any risk of injury to the cloth, on which it does 
not act. 

♦ Annales dc Chimie, tom. xxix. p. 174. 

f Ibid. tom. xl. p. 68. 
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SECT. XIX- 

TARTARIC ACID. 

A SALINE matter is deposited from wine, during the 
progress of the slow fermentation it suffers on keeping, 
which has been long known by the name of Tartar, and, 
wbpn purified, from the colouring matter which adheres 
to it, by that of Crystafs oi* Cream of Tartar. It was al- 
so known to the chem^ts, that an alkali, potassa, could 
be obtained from It, by calcining it with a moderate heat ; 
^nd it was by this process, indeed, that this alkali was 
generally obtained for chemical and Knedicinal use. It 
was maintained by some of the older chemists, Lefevre, 
Glazer, and others, that this alkali pre-existed in the salt 5 
and this was more clearly established by the experiments 
of Duhamel, Margraaf, and Rouelle. The acid which 
exists in it* is in excess, so as to be sufficiently obvious by 
the sour taste and acid powers of the salt. Schecle gave 
the process by which it could be extracted, and thus dis- 
covered the properties of this acid in its pure state. 

Tartar, or super-tartrate of potassa, as it is properly 
named, is not, as some chemists have imagined, the pro- 
duct of fermentation. The experiments of Boerhaave, 
Neuman, and other chemists, have .proved, that it is con- 
tained in the juice of the grape previous to its conversion 
into wine. It has also been discovered in other fruits, 
particularly In the tamarind ; and it is said to exist in the 
roots of sage, germander, and some other plants. It ex- 
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ists in these, however, in small quamitjr,Md it is the cfe- 
poaite 6rom wine that is met with in commerce. It is 
named Red or White Tartars according as it is more or 
less coloured, from part of the colouring matter of the 
wine adhering to it. Besides this, it is rendered impure by 
the presence of some other substances, particulai^^'tartrate 
of lime. It is purified by dissolving it in water, wid boil- 
ing its solution with a small quantity of fine clay diffused 
thrqugh it. This attracts the colouring and extractive 
matter, and the solution, on cooling, afibrds crystals qf a 
white colour. These form the pifrified tartar, or crystals 
of tartar of commerce, in which, •with the super-tartrate 
of potassa, there may still exist a small portion of tartrate 
of lime. 

The process wMch Scheele employed to extract the 
acid from this salt, consisted in dissolving any quantity of 
the purified super-tartrate in boiling water, and throwing 
into it chalk in powder, as long as any effervescence was 
excited, and until the acid was entirely saturated, as was 
indicated by the liquid not reddening the vegetable colours. 
The lime of the chalk combines with the excess of tar- 
taric acid in the super-tartrate ; and this tartrate of lime 
being insoluble, is precipitated, while neutral tartrate of 
potassa remains in solution. The tartrate of lime,. well 
washed with water, is puf into a glass-matrass : a quan- 
tity of sulphuric acid equal to that of the chalk employed, 
and previously diluted with half its weight of water, is 
added. This is digested in a sand-bath for twelve hours, 
stirring the mixture occasionally. The sulphuric acid 
combines with the lime, and forms the sulphate of lime, 
w|;^ch is* nearly insoluble : the tartaric acid is dissolved 
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bf the water • the solution is poured off, and the remain- 
ing sulphate of lime is washed with water^ wldch is add- ^ 
ed to this solution. To ascertain that no sulphuric acid 
is present, a few drops of acetate of lead are added, which 
forms a precipitate, soluble in vinegar if the tartaric acid 
be pui^, insoluble if it be contaminated with sulphuric 
acid. If the latter be the case, it is digested with a little 
tartrate of lime, and the sulphujic acid is thus abstracted. 
The solution is then evaporated, and the tartaric acid is 
obtained in a crystallized form, equal in quantity to about 
one*third of the supei-tartrate that has been employed. 
Muller has given the proportions to be employed in this 
process with more precision. They are 6 lbs. of chalk dif- 
fused in 36 lbs. of boiling water, and as much super-tar- 
trate of potassa as this quantity of chalk saturates : There 
are then to be added to the tartrate of lime, diffused in a 
largd quantity of water, 6 lbs. of sulphuric acid, of the 
specific gravity of 1.817, with which 6 drachms of nitric 
acid have been mixed The sulphuric acid does not ap- 
pear, in Scheele’s process, to be sufficiently diluted, sb as to 
prevent it entirely from acting on the tartaric acid. Lqw- 
itz has remarked, that it ought to be diluted with at least 
four time^ its weight of water f. 

In^ this process, it is only the excess of tartaric acid 
contained in the super-tartrate that is obtained ; and q 
quantity of it still remains combined with the potassa, 
which the chalk is not able to decompose. It has there- 
fore been proposed to employ lime instead of chalk, by 


* Annales de Chiisie, tom, vi. p. 38. 
Ibid. vol. xxxiv. p. 180. 
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wluc^ the decomposition is complete, and the whole of 
the tartaric acid abstracted ; but in this case, as Vauque- 
Kn has remarked, part of the tartrate of lime is prevented 
from precipitating by the action of 'the pure' alkali ; and 
it is therefore doubtful if this method is preferable to the 
process of Scheele* 

It has been proposed, too, to obtaiq this acid by dis- 
solving one pound of super- tartrate of potassa in six pounds 
of water, and adding a quarter of a pound of concentrat- 
ed sulphuric acid. But this method is very imperfect, 
the alkali being merely shared between the two acids, 
and no pure tartaric acid obtained# 

. This acid has received its name from the substance 
from which it is always obtained. It was until lately 
named the Tartarous Acid j but the* propriety is now ac- 
knowledged of giving the names of all the vegetable acids 
the same termination, and hence it is denominated Tar- 
taric Acid. 

The form of the crystals of this acid has been very 
variously dcsc^ribcd. I have obtained it in thin broad 
tables, — a form described by Bergman and Fourcroy ; but 
it is also said to occur in ptisms and in pyramids. When 
pure, the crystals are nearly transparent. Their taste is 
very sour, and a small portion immediately reddens the 
vegetable colours. 

This acid is very soluble in water, so that a concentrat- 
ed solution can be obtained of nearly an oily consistence. 
It is nqt very liable to spontaneous decomposition, espe- 
cially if the solution is not very largely diluted. 

Exposed to heat, it is decomposed : a considerable 
quantity of an acid liquor is obtained, which was former- 
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Vj considered as a peculiar acid> and received the name of 
Pyro-tartarous, but which Fourcroy and Vauquelin have « 
shown to be acetic acid| diluted, and disguised by a small 
portion of empyreumatic oil With this acid, a quan- 
tity of oil which separates from it is condensed in the re- 
■% 

ceiver : much aerial fluid, consisting of carbonic acid and 
carburetted hydrogen, is disengaged, and*a bulky coal re- 
mains. According to Fourcroy’s statement of the result 
of its analysis by himself and Vauquelin, it consists of ' 
*70.5 of oxygen, 19 of carbon, and 10.5 of hydrogen, — a 
larger proportion of carbon, and less of oxygen, than 
what enter into the co*mposition of oxalic acid. It is con- 
verted, according to the experiments of Hermbstaedt, in- 
to this acid, by distilling from it repeatedly six times its 
weight of nitric acid ; 360 parts of the tartaric acid, accord- 
ing to these experiments, yield 560 of crystallized oxalic 
acid, — a quantity which would prove, if sufliciently estab- 
lished, the fixation of a very large proportion of oxygen +. 

This acid combines witli the alkalis and earths, forming 
salts ; which, while it had the name of Tartarous acid, 
were denominated Tartrites, but which are now named 
Tartrates. It appears to have a peculiar tendency to form 
triple salts, which crystallize w'ith great regularity, and ex- 
hibit marked properties, and some of which are important 
from the uses to which they are applied. 

The neutral tartrate of potassa is not formed by the 
direct combination of its acid and base, but by saturating 
^ the excess of acid in the super- tartrate, by the addition of 

* Annalcs de Chimie, tom. xkxv. p. 172. 
f Fourcroy’s System, vol, vii, p. 351. 
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th^ requisite proportion of alkali ; a quantity of carbonate 
c of potassa being dissolved in boiling water, and super-tar- 
trate of pbtassaan fine powder Being added in small quan- 
tities, at a time, diffusing it well through the solution by 
constant stirring, as long as there is any cfiervescence, 
and until exact neutralization is attained. The solution 
is filtered, and as it is not easily crystallized, it is at once 
evaporated- to dryness, when this salt is prepared for me- 
dicinal use. Being much more soluble than the super- 
tartrate, it was formerly named Soluble Tartar. 

Though difficult of crystalirzation, yet when its satu- 
rated solution is allowed to st4nd for some months, large 
and regular crystals form, which are tetracdral prisms, 
bevelled at each extremity, and usually aggregated. Its 
taste is bitter ; it is deliquescent in a humid atmosphere, 
and is very soluble in water, not requiring four times its 
weight of cold water for its solution. When in solution, it 
decomposes spontaneously when kept for some time, or ra- 
ther its acid suffers this change, so that at length its alka- 
li remains in the state of a carbonate. A similar decom- 
position, as to. the ultimate result, is effected by heat. It 
is very susceptible of decomposition, from the action of 
other acids, which abstract from it so much of its acid as 
to reduce it to the state of super-tartrate. 

This salt, the super-tartrate of potassa, requires notice ' 
as a distinct one, as its composition is determinate, and its 
properties well marked. Its origin,* and the method of 
purifying it, have been^lready stated. It occurs in small 
crystalline masses, the figure of which can scarcely be de- 
termined ; of a white colour, and semi-transparent; brittle, 
reduced to powder, and having a sour taste. 
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This salt requires a considerable quantity of water for 
its solution ; about sixty parts of cold, or thirty, of boiling 
water. This solution deCbmposes spontaneously when 
iong kept^ the principles .of the acid entering into new 
combinations, and leaving the alkali : and by this simple 
experiment, the older chemists demonstrated, that the al- 
kali pre-exists in this salt, and is not formed by the cal- 
cination by which it is usually obtained. 

The sparing solubility of this salt, affords us the best 
test^to discover tartaric acid ; a solution of potassa, when 
added, .so as to leave an 'excess of acid, forming a turbid 
fluid, from which, in a short time, small crystals of the 
super- tartrate subside. It is also the best test we have to 
distinguish potassa from soda. 

When super- tartrate of potassa is exposed to a strong 
heat, it is fused, becomes of a black colour, and is decom- 
posed : it gives a large quantity of empyreumaric acetic 
acid, an oil, with carbonic acid, and carburetted hydrogen 
gases, the alkali remaining in the state of carbonate, mix- 
ed with charcoal. A quantity of carbonate of ammonia 
is also said to sublime : from which it might be inferred, 
that nitrogen enters into the composition of the acid : 
but the fact is not well ascertained, and a small quantity 
produced might arise from foreign matter contained in 
the salt. Tliis process of decomposing this salt by heat, 
was that formerly employed by chemists to obtain carbo* 
nate of potassa : it was performed in a crucible, and the 
residual matter was lixiviated with water, and then eva- 
porated : and it has been supposed, that it affords the al- 
kali purer than as it is -procured by other processes. 

From the tendency of tartaric acid to form ternary com- 
bhiations, this salt exerts peculiar actions cm a number of 
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substances. Thus it unites both with soda and ammonia, 
and with.»each forms ternary com{>ounds. Thenard has 
found, *that it may even admit the combination of certain 
proportions of lime, barytes, or strontites ; for althougb 
when large quantities of these earths are brought to act 
upon .it, they decompose it and abstract the tartaric acid, 
yet when they are added in a state of solution in small 
quantity^ they occasion no decomposition, but enter into 
combination with its principles i the liquid remains trans- 
parent, up nearly to the point at which the acid of the 
super- tartrate is saturated, by the earth added and if 
this point be not exceeded, there will be formed oii the 
sides of the vessel, transparent crystals^ in which analysis 
detects the presence of the acid, the alkali, and the earth 
that has been added. Magnesia and argil likewise enter 
into similar combinations, but form compounds which 
are not crystallizable A singular cflFect produced on it 
by borax, or even by pure boracic acid, is, that of increas- 
ing greatly its solubility in vralcr, or rather forming with 
it a very soluble compound : one part of boracic acid, ac- 
cording to Lassone, with four parts of the super-tartrate, 
being soluble in six or eight times its weight of water. 
It acts too on several of the metals, and forms triple com- 
binations, some of which have been used in medicine. 

According to Thenard’s estimate of the composition of 
super-tartrate of potassa, it consists of 57 of acid, 33 of 
alkali, and 7 of water. 

Tartrate of soda crystallizes in fine needles, or in thin 
plates : it is soluble in water, but if combined with an ex- 
cess of acid its solubility is diminished. 


Nitholson’tf Journal, 4to, vol. v. p. 268. 
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A triple salty the Tartrate of potassa and sodai has been 
long used in medicine, and known under the name of * 
Rochelle Salt. It is prepared bjf saturating the excess of 
acid in* the super-tartrate of potassa, by the addition of 
the requisite quantity of carbonate of soda \ a small quati* 
tity of tartrate of lime, derived from the tartar, is gene- 
rally precipitated in consequence of tlic Saturation } the 
liquor is strained, and, op evaporation and cooling, affords 
very regular crystah, ihomboidal bix or eight sided prisms, 

hard and transparent. They are pernFianent in the air, 

• • 

soluble in about five parts of cold water, and in less warm 
water, and consist, ^according to the manner in which 
Vauqueliu has stated their composition, of 54 parts of 
tartrate of potassa, and 46 of tartrate of sock. 

Tartrate of ammonia is a very soluble salt, which how- 
ever crystallizes in slender prisms. The taitrate of po- 
tassa and ammonia, formed by saturating the exc^s of 
acid in the super-tartrate of potassa by ammonia, forms a 
salt, soluble, and which crystallizes very regularly in hex- 
aedral prisms accuminated by six planes. 

The binary combinations of this acid with barytes and 
lime are insoluble in water/ but may be dissolved by an 
excess of acid. Those of magnesia and argil, though so- 
luble, -are not crystalllzable, their solutions forming, on 
evaporation, viscid or gelatinous m, asses. The ternary 
compounds which these form, when potassa enters into 
the combination, have already been noticed. 

Tartaric acid is capable of acting on the metals, at least 
on those which are capable of decomposing water, so as 
to be oxidized ; and it readily combines with the oxides 
of the others. Few of these combinations, however, have 
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been examined^ or are of importance. The acid does not 
precipitate the solutions of gold, platina, or silver ; but its 
salts do,^ from the exertion of a double affinity. In the 
same way it may be combined with oxide of mercury, and 
forms an insoluble compound. It unites with oxide of 
copper, and forms a compound of little solubility, of a 
green colour. It acts on iron in its metallic state, and dis- 
solves it with effervescence ; the solution, on evaporation, 
does not crystallize, but becomes gelatinous. On zinc 
its action is similar. It combines with the oxides of tin 
and lead, decomposing their solutions, and forming com^ 
pounds of a white colour. In the $*ame manner it preci- 
pitates the solution of bismuth of a fine white colour, 
forming what has been known under the name of pearl 
white. It dissolves the oxides of antimony, forming a 
compound which crystallizes irregularly and with diffi- 
culty. 

Ternary combinations can also be easily formed, by 
subjecting metals or their oxides to the action of super- 
tartrate of potassa. Thenard has examined several of 
these ^ ; and one of them, that with oxide of antimony, 
has been long an object of attention to chemists, from its 
extensive medicinal use. 

According to Thenard, the alkaline tartrates (as he 
names these compounds) of manganese, iron, zinc, and 
tin, are very soluble, and are of difficult crystallization : 
they are not decomposed, either by the pure alkalis or the 
alkaline carbonates, but are decomposed by sulphuretted 
hydrogen, the hydro-sulphurets, and the gallic acid. The 


^ Nicholson’s Journal, 4to, vol. v, p. 269. 
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alkaline tartrates of silver and of mercury suffer decom« 
position, however, not only from these agents, t>ut like- * 
wise from the alkalis, either pure or in the state of car- 
bonate. The alkaline tartrate of lead is not soluble ; that 
of.copi^er is distinguished by its saccharine taste, and the 
great quantity of metal which it contains. The tartrate 
of potassa and antimony is by far the most impor- 
tant of these combinations : it is the substance which 
has been long used in medicine under the name of Eme- 
tic Tartar, and which is superior to all the other antimo- 
nial preparations, in the certainty and uniformity of its 
operation. The method of preparing it and its proper- 
ties, have already been taken notice of under the history 
of antimony. 

Tartaric acid, in its pure state, is not applied to any 
use ; and of its combinations, some only arc employed in 
the practice of medicine. 


SECT. XX. 

BENZOIC ACID. 

It has been remarked, in treating of the balsams, that 
they all contain a peculiar acid, which is obtained from 
them by the application of heat. The concrete balsam, 
named Benzoin, being that from which it is usually pro- 
cured, ithas received the name of Benzoic Acid. 

*The common process for obtaining it is extremely sim- 
ple. A quantity of benzoin being reduced to coarse 

T 2 
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powder, is put into an earthen pot or matrass, to me 

* mouth of which a large paper cone is adapted \ a moderate 
heat is applied ; the benzoin melts, and at the same time 
the acid is volatilized iff white vapours : these condense, 

• and adhere to the sides of the cone in small brilliant 
crystals, which, when the sublimation is slow, appear in 
the form of long slender prisms. The paper cone is 
changed as it becomes warm, a new one is applied, care 
being taken through the whole operation not to raise the 
heat too high, as then a quantity of oily matter is volati- 
lized, by which the acid is coloured brown. If the heat 
be applied as long as ^ny product is volatilized, a larger 
quantity of benzoic acid is obtained than by any other 
process: Chaptal recommended this ntethod, purifying 
the acid by repeated solution and crystallization ; but it 
is difficult to separate the oily matter from it entirely. 

Geoffrey long ago discovered that, this acid might also 
be extracted from benzoin by the action of boiling wa- 
ter ; the water, after having been boiled on tlie bf'.nzoin 
in powder for some time, being filtrated, affonls crystals 
of the acid on cooling. 

Scheele proposed another method of obtaining it in the 
humid way more economical. ¥our parts of benzoin in 
powder and one part of slaked lime are mixed with 24> 
parts of water, and boiled with it for half an hour. The 
benzoic acid combines with the lime, and forms a com- 
pound soluble in water. The undissolved matter is al- 
lowed to subside, and the liquor when clear is poured 
off: a fresh quantity of water is boiled on the residuum, 
and the ley thus obtained Is added to the former ; and 
this is repeated for a third tii^e. The whole is to be rc- 
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<luced by evaporation, and to t6e concentrated ^solution 
there is to be added gradually muriatic acid, until it be 
sensibly acid ; the muriatic acid combines with che lime, 
and the muriate of lime is dissolved by the water ; the 
benzoic acid being insoluble in cold water is precipitated 
in a powder of a brownish colour : this is washed with a 
little water, is then dissolved in boiling i^ater, the solu- 
tion is filtered, and as it cools colodrless crystals of ben-' 
zoic acid form. About 14 drachms are obtained by this 
propess from one pound of benzoin. Gren introduced a 
slight modification of if, by boiling the t>enzoin with car- 
bonate of soda, and adding to the filtered liquor diluted 
sulphuric acid, so as to precipitate the acid of benzoin 5 
the only advantage of this is, that it is supposed to be 
more economical, from the sulphuric being less expensive 
than the muriatic acid. 

Mr Brande has given the following as the quantities of 
benzoic acid, obtained by these processes, from one pound 
of benzoin. 



QZ. 

dr. 

scr. 

P- 

By Scheelc’s, 

1 

6 

2 

19 

— ChaptaFs, 

2 

0 

0 

0 

— Geoffrey’s, 

1 

0 

0 

10 

. — Gren’s, 

1 

*5 

1 

10* 


It has already been observed, under the history of the 
balsams, that there is every reason to conclude, that in 
these processes the benzoic acid is not actually formed, 
as some chemists have imagined, but is merely extracted. 


‘ Nicholson’s Journal, vol. x. p.. 88. 
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A fact observed by Mr Hatchet with regard to its pro- 
^ duction, might favour, hovrever, the former opinion, or 
at least lead to the conclusion, that the quantity of acid 
is increased by a new formation of it. H,e found, that 
the balsams, when they had been mixed with sulphuric 
acid, afforded a considerable quanciry of benzoic acid by 
sublimation, aivl that some even, as dragons’ blood, af- 
forded it when subjected to this treatment, which did not 
afford it when exposed to heat alone *. But it is not im- 
probable that the acid may merely facilitate its separation, 
by the action it eierts on the* resinous matter, and per- 
haps by preventing the formation of empyreumatic oil, 
so as to allow of the heat being raised higher or applied 
for a longer time. 

Benzoic acid is likewise formed in the animal system.* 
It is found particularly in the urine of the horse, cow, and 
other gramenivrous animals. Fourcroy appears to sup- 
pose, however, that it is derived from some of the grasses 
on which these animals feed. It is also sometimes found 
in the urine of children, and in general is more or less 
present when phosphoric acid is deficient. 

Benzoic acid is, according to the method in which it 
has been obtained, in soft-like flakes, or in slender needle- 
like crystals, f^requently of considerable length ; when 
pure, white and brilliant. Its taste is pungent, and slight- 
ly acidulous. It has a peculiar odour, somewhat aroma- 
tic, and which becomes strong when it is heated and vo- 
latilized. This was considered as essential to it ; but, 
from the experiments of Giesse, it appears to be not so, 


* Philosophical Transactions, 1805. 
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benzoic acid having been obtained by him perfectly ino« 
dorouSf without any of its other qualities being changed. 
This he effected by combining the acid with a solution of 
potassa, and precipitating it from tins combination by 
muriatic acid. On each repetition of this experiment^ 
the odbur diminished, and, after the third, it had entirely 
disappeared. Another process, more sinf^>le, and equally 
successful, was to dissolve the odorous acid in as small a 
quantity as possible of alkohol : to drop into the solution 
w^ter until the acid was precipitated : this acid, when 
dried by a gentle heat/ was found to be inodorous ; the 
small quantity of oily matter derived from the balsam to 
which its odour is owing remaining combined with the 
alkohol 

This acid is volatilized by heat, as is evident from the 
manner in which it is prepared, and its vapour is acrid 
and suffocating : it is also fusible ; and when it has be-* 
come solid after fusion, its surface exhibits a stellular ra- 
diated appearance. Heated .on burning fuel, it inflames. 
Urged with a strong fire in close vessels, the portion that 
is not immediately sublimed is decomposed, and affords 
an acid liquid, a quantity of oil more abundant than what 
is produced in the decomposition of any other vegetable 
acid; carbureted hydrogen is also disengaged in a consi- 
derable proportion, and a small quantity of charcoal is left 
in the retort. This decomposition is more completely ef- 
fected when the volatilization of the acid is prevented by 
previously mixing it with sand. The results show, that 
it is composed of the usual principles of vegetable matter. 


* Philosophical Magazine, vol. xiv. p. 331. 
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aii<]| compared with the other vegetable acids, that hydro- 
gen predominates. in its-corapps^tion, to, which, probably, 
its volatility and inflammabil'ty are owing- 

It is scarcely soluble in cold water- According to 
Wenzel and LicLunstein, 400 parts of cold water are re- 
quired for dissolving one part of it ^ while the sam^ quan- 
tity of boiling water can dissolve 20 parts of it, 19 of 
which again separate by crystallization on cooling. Its 
hot solution reddens the infusion of litmus.. Alkohoi 
dissolves it abundantly ; * and it is precipitated from this 
solution by the addition of cold water. 

Benzoic acid is not easily decomposed by the mineral 
acids. Sulphuric acid dissolves it } and, on the addition 
of water, the benzoic acid is again separated unaltered, a 
small portion of it having been decon^posed, as, according 
to Bergman, a little sulphurous acid is formed. Nitric 
acid likewise dissolves it, and water equally separates it 
from this solution unaltered ; but if the acid be distilled 
from it, it suffers, according to Hermbstaedt, some che- 
mical change. 

This acid unites easily with the alkalis and earths. Its 
Mits are denominated Benzoates : their properties are not 
important, and have not been very fully described. 

Benzoate of potassa is obtained in acicular crystals, 
which are soluble in water, and deliquescent. Benzoate 
of soda is equally soluble and crystallizable, but, accord- 
ing to Bergman, does not deliquesce. Benzoate of am- 
• monia is possessed of the same properties ; is volatile, and 
easily decomposed. Benzoate of barytes, unlike many of 
the barytic salts, is likewise very soluble, and crystallizes 
without difficulty. The same may be said of benzoate of 
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lime. The benzoates of magnesia and argil are soluble^ 
crystallizablc, and deliquescent. » 

The combinations of benzoic acid with the mentals have 
been made the subject of experiment by TrommsdorfF. 
He boiled, either on the metal in a state of mechanical 
division, or on its oxide, the acid of bcnzoini^ with as 
much water as was sufficient for its solution ; and by this 
general experiment established the following .results : 
With oxide of gold, a solution was obtained which shoots 
imp irregular crystals, vrhich are permanent m the air, 
dissolve with difficulty in Water, and scarcely at all in al- 
kohol. The oxide of» silver is scarcely dissolved but a 
benzoate of this metal is obtained, by adding benzoate of 
potassa to a solution of nitrate of silver : a precipitate is 
thrown down, which is soluble in hot water, but precipi- 
tates again on cooling, and which, like the other salts of 
silver, is blackened by light. The solution of oxide of 
platina affords minute aggregated crystals, permanent in 
the air, difficultly soluble in water, and insoluble in alko- 
IioL The solution of oxide of quicksilver affords by eva- 
poration a white brilliant mass, somewhat soluble in alko- 
hol, but not sensibly soluble in water. Oxide of copper 
is easily dissolved by the acid, and a solution obtained, 
whiqh shoots into small pointed crystals of a dark green 
colour, difficultly soluble in water, and insoluble in alko- 
hoj. Oxide of tin is not dissolved. Lead is somewhat 
eroded, and its oxide is dissolved readily, forming a solution 
of a sweetish taste, which shoots into very white shining 
crystals, soluble both in water ^md in alkohol. Iron is' 
dissolved in small quantity ; the solution obtained from 
the oxide affords crystals of a yellowish tinge, having a 
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sweet taste, which are soluble in water, and become more 
• highly oxidized from exposure to the air. The solution 
of oxide*of zinc has a sweet styptic taste, and yields ar« 
borescent crystals, which are soluble both in alkohol and 
water. The solution of oxide of bismuth yields a light 
mass, composed of white crystalline spiculae, easily solu- 
ble in boiling water, and sparingly soluble in alkohol. 
Oxide of antimony affords a solution Which does not crys- 
tallize, but, on evaporation, gives a white flaky mass, rea- 
dily soluble in water and in alkohol. White oxide of 
manganese is dissolved by the *acld boiled on if, and, by 
evaporation, small scaly crystals ans obtained, abundantly 
soluble. Oxide of nickel gives absolution of a pale green 
colour, which does not crystallize. The solution of oxide 
of cobalt affords crystals of nearly the same, figure as the 
benzoic acid itself. The solution of oxide of arsenic gives 
plumose crystals, which exposed to the air effloresce, 
which are dissolved easily in hot water, and crystallize oa 
cooling *. 

Benzoic acid, either in 'its pure form, or in any of its 
combinations, is applied to no use. It was formerly em- 
ployed in the practice of medicine, and still enters into 
one or two officinal preparations s but it docs not appear 
to have any medicinal virtue. 


* Crell’s Chemical Journal, vol, iii. p. 11. 
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SECT, XXL 

ACETIC ACID. 

This^ like several of the other vegetable acids, is a na- 
tive production, and is also capable of being artificial!]^ 
formed. It exists, as has 'already been remarked, (page 
2.%) very generally in the sap of vegetables, combined 
with potassa and lime, and is sometimes also present in 
excess. It is discovertM by evaporating the sap, and add- 
ing to the solid matter sulphuric acid : the vapours of 
acetic acid are then perceived by their smell. It is more 
peculiarly, however, the produce of fermentation j and 
the production of it even characterizes one stage of that 
process. It is under it, therefore, that its chemical history 
will best be placed. 


SECT. XXIL 

MOROXYLIC ACID. 

This name has bcei] given by Klaproth to an acid 
which he extracted from a saline efflorescence, found by 
Mr Thompson to form on the trunk of the white mul- 
berry (Morus alba), in the botanical garden at Palermo. 
The examination of it was imperfect, from the smallness 
of the quantity of the substance affording it in the posses- 
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sion of Klaproth ; but as he regards it as a peculiar acid, 
«it is necessary to give, it a place, ^ough farther investi- 
gation may perhaps connect it with one or other of the 
acids already known, In its properties it approaches 
nearest to the succinic acid. 

The saline exudation, according to Klaproth’s experi- 
ments, consists of this acid in combination with lime, and 
mixed with a portion of extractive matter. It is of a 
brown colour ; approaches to succinic acid in its taste ; 
swells up when placed on burning fuel, and emits an acrid 
vapour, leaving an earthy Tesidlium. 3y solution in wa- 
ter, and crysUllusation, the saline matter is obtained more 
pure, and of a lighter colour; The alkaline carbonates 
precipitate lime from its solution, and precipitates are also 
formed from it by nitrate of silver and acetite of lead. 
Exposed to heat, it gives an acid liquor, an cmpyreumatic 
oil, the gases that are usually disengaged from vegetable 
matter ; and leaves a residuum of charcoal and lime. 

The pure acid was obtained from this salt by two prOf 
cesses. In the first, to a solution of the salt a solution 
of acetate of lead was added ; the precipitate thus form- 
ed, and which consisted of the acid united with oxide of 
lead, was mixed with sulphuric acid, diluted with three 
times its weight of water. Sulphate of lead was formed, 
and the filtered liquor^ by evaporation, afforded the mor- 
'oxylic acid, in fine needles of a gate straw colour. In the 
second, the salt itself was at once decomposed by suU 
phuric acid, the sulphate of lime separated, and the pure 
acid obtained. 

This acid approaches still more nearly than the salt 
from which it is obtained to succinic acid in its taste. It 
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remains dry oa exposure to the air, and is easily soluble 
both in water and in alkbhoU When heated in a retort, « 
a small quantity of acid liquor is first obtained : a con- 
crete salt next rises, which adheres to the neck of the re- 
tort in the form of prismatic crystals, -colourless and tran- 
sparent 5 a little charcoal remained in the retort. To se- 
parate the sublimed salt from the coally residuum, the 
whole contents of the retort were dissolved, and the li- 
quor filtered. The solution was^perfectly clear, and, by 
spontaneous evaporation, deposited the acid in colourless 
crystals. It appears, tbefefore, that sublimation is the 
best mode, of obtaining it free from the extractive matter, 
which adheres too strongly to it to be separated in the hu- 
mid way. This acid, in its pure state, did not preci- 
pitate the metallic solutions, as the native salt docs from 
which it is extracted *. 


SECT. XXIU. 

WOOD OR LIGNIN. 

Wood is in every vegetable the basis to which the 
other principles are attached, or. through which they are, 
diffused ; the skeleton as it were of the entirc^plant, and 
the substance of which its vessels are formed. The hark, 
and the fibrous part of the leaves, appear to be of a simi- 


* Nichohon^s Journal, vol. x. p. 1 
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lar nature. The term Woody Fibre has been applied to 
» denote or the name Lignin may be given to it as a pe- 
culiar principle. It has every claim to be regarded as 
such) since it is possessed of peculiar properties sufficient- 
ly appropriate, and which are possessed by it uniformly as 
it exists in different plants. 

Wood is distkictiy fibrous in its texture, and, as form- 
ing the solid parts of plants, these fibres are interlaced. 
It. is inodorous, insipid|«nd perhaps wh^n perfectly pure 
is free from colour. Its specific gravity is generally in- 
ferior to that of water. The wood of plants, however, is 
frequently possessed of colour, tast^, and smell, from the 
presence of .extractive matter, mucilage, resin, or essential 
oil. It is only when these have been completely extract- 
ed by the joint action of water and alkohol, that the wood ‘ 
can, as a chemical principle, be regarded as pure. A fi- 
brous matter often pulverulent, remains after this opera- 
tion, and it is from this that the characters of this prin- 
ciple must be derived. 

The pure ligneous fibre is altogether insoluble in wa- 
ter : even when the water is boiled on it, it is not dis- 
solved. It is equally insoluble in alkohol : and hence it 
forms the residuum, when any of the solid parts of plants 
have been acted on by these fluids. 

. From exposure to the air in a dry state, it does not ap- 
pear to suffer any change ; but when humid, it is gradu- 
ally decomposed, and passes at length through various in- 
termediate states to that of a black mould, consisting prin- 
cipally of carbon. Saussure junior has found, that the 
oxygen of the atmospheric air is, during this change, con- 
sumed, and that it is replaced by an equal volume of car- 
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i>onic acid gas ; and he concludes from his experiments, 
that the oxygen abstracts part of the carbon of*%fae wood» » 
but that it loses at the same time a larger proportion of 
its oxygen and hydrogen, which form water ; and that 1^ 
the abstraction of these principles, the proportion of car- 
bon is increased in the residual Inatter. When the air is 
excluded, and the wood is decomposed <by the influence 
of water alone, without the contact of oxygen, the changes 
are different, and the prbportion of carbon is rather di- 
minished than increased It is known too, that when 
the air is entirely exclude*d, wood decomposes with ex- 
treme slowness, even* though humid, as, for example, 
when it is buried in the earth. It is only by the joint ac- 
tion of air and water, that its rapid decomposition is oc- 
casioned. • 

According to the same chemist, water boiled on wood, 
not merely dissolves the extractive matter it contains, but 
actually forms a portion of it, so that it is impossible to 
reduce wood by repeated decoctions to such a state that 
it shall not afford it j ,each decoction or maceration, with 
the contact of the air, producing a portion of extract 
which either did not before exist, -or which is rendered 
soluble by a change in its principles. He boiled a quan- 
tity of oak saw-dust, (three ounces), in twenty-four times 
its weight of water, poured off the decoction, evaporated 
it so as to ascertain the quantity of matter dissolved, and 
repeated this a number of times. The quantity of matter 
afforded by the first decoction was 90 grains ; that by the 
second 29 grains. It continued to diminish to the rfinth 


* Recherches Cbimiques, p. 148. 
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decoction ; the eleventh and twelfth afforded the same 
e quantity as the ninths amounting to it grains. The re- 
maining *6aw-dust was then exposed to the air for two 
months. On being submitted to a new decoction, it gave 
grains of extract, a quantity therefore greater than at 
the ninth decoction : the fourteenth decoction afforded 
4 grains : and after a new exposure for two months to 
the air, the quantity was again augmented to 5-^ grains. 
Wood, the most completely freed of its soluble princi- 
ples, furnishes always by maceration in water with the con- 
tact of air, infusions holding esStractlve matter dissolved 
The alkalis act on wood : whetf an alkaline solution is 
allowed to remain over any wood, it receives colour, and 
the colour of the wood at the. same time is darkened. 
With the assistance of heat, tliey soften, and partly dis- 
solve and decompose it. 

The stronger acids also act on it. Sulphuric acid Im- 
mediately chars it, rendering it in a very short time per- 
fectly black and soft. Nitric acid immediately gives it a 
yellow tinge ; and when acting on it in large quantity, it 
disengages, according to Fourcroy, a portion of nitrogen 
gas, and converts it« principally into oxalic acid, with 
"small quantities of malic and acetic acids. 

When wood is exposed to heat in close vessels, as in 
an iron retort, a portion of WMter distils over, which, as 
the distillation proceeds, becomes more and more acid, 
and at length a Jiquor very acid and pungent, of a yellow 
colour, is condensed ; an empyreumatic oil likewise pas- 
ses over in considerable quantity : carburetted hydrogen, 

i ^ 

* Reeberchea Chimiqucs, p. 150. 
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'^nd carbonic ^actd gases are likeiirise disengaged, and a 
portion of ammonia is ptoducedv which exists neutralized • 
in the acid liquor. A concrete charcoal femaths, Hrhich 
retains completely the figure, and even in some measure 
the texture of the wood. The acid procured in this pro- 
cess, was formerly regarded as a peculiar one» and nam- 
ed Pyro-lignfOus Acid. The researches of Fourcroy and 
Vauquelin have shewn, that it is Ynerely diluted acetic 
acid, with an impregnation of empyreumatic oil. It is 
aSburded in so large a quantity, that the process is even 
employed to furnish this acid, for some of the purposes 
to which it is applied. * 

When w6od is heated, without the air being perfectly 
excluded, it becomes black, exhales acrid penetrating va- 
pours, composed of the empyreumatic acid and oil, and 
the charcoal remains. It affords, after its combustion, a 
quantity of saline matter, principally carbonate and sul- 
phate of potassa and of lime, muriate of potassa, and phos- 
phates of magnesia and lime ; and also portions of earths 
and metals, particularly silex, iron, and manganese. All 
of these, however, arc not essential to the composition ; 
on the contrary, the greater number are rather accidental, 
and, as Saussure has shewn, often dependent on the soil, 
and derived from it, as has been already fully stated 
(p. 103). The portion of charcoal afforded by different 
woods, is different, being of course more as the wood is 
compact and dense : and the quantity of saline matter 
afforded is also different, as has been already remarked,' 
vol. ii. p. 80. On this subject, the researches of Saussure 
have been extensive ; and his tables, which are too nu- 
merous to be inserted, present a niimb^ facts on4:he 
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iwuiemion of different wood$i the quantity of saline 
matter it affords^ and the circumstances by which the 
production of this appears to be influenced. 

When the ahr is freely admitted, and the heat raised 
to ignition, wood burns. Its combustion is at first vivid, 
or gives much light, from the extrication of the hydrogen 
in combination with a part of its carbonf but as this is 
dissipated, the light is diminished, and there is at length 
only the led glow of the charcoal. The products of the" 
Combusllon have not been ascertained with much accu- 
racy. Tiiey are principally carbonic acid and water \ and 
. if nitrogen be a constituent principle of'wood, as its ana- 
lysis by heat appears to prove, ammonia wilf probabljr al- 
so be evolved. An ammoniacal salt is accordingly al- 
ways found in the soot of fuel. - ♦ 

From the analysis of wood, it appears to consist of car- 
bon, hydnigen, oxygen, and nitrogen, with probably lime. 
It is evidently, of all the vegetable principles, that which 
cdtitatns the largest proportion of carbon •, since, indepen- 
dent of the quantity of this principle disengaged in its 
analysis, in the state^ of carbonic acid and other elastic pro- 
ducts, the residual charcoal amounts to one fourth pr fifth 
of tbli weight of the original wood. From this predomi- 
, nance of carbon, it probably derives its solidity, and its 
inactivity as a chemical substance. 


Cork is a substance analogous to wood. The sub- 
^Staiice to which this name is usually appropriated, is. the 
external barb of the Quercus auber ; but Fourcroy sup- 
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pose$» that the epidermis of dl lignetHls iregetables is of 
a similar nature, and they are probably a|I rarieti^ of the 
matter which constitutes the ligneous fibre. 

Cork is light, soft^ spongy, and elastic : it is inflamma- 
ble ) affords a little ammonia by distillation ; and is acted 
on by chemical agents, in very nearly the same manner as 
wood. 

The principal peculiarity with regard to it, and in which 
it differs from wood, is tl^at of affording an acid different 
from every other, when acted on by the nitric acid. This 
was first observed by Brugnatelli; but the production 
and properties of this acid, named the Suberic, have been 
mole fully investigated by Bouillon Lagrange *. 

The process which he employed to obtain it, consists 
in pouriflg on cork in a retort, six time$*^its weight of di- 
luted nitric acid, and distilling it from it with a gentle' 
heat. When the heat is applied, red vapours are extri-' 
cated i the cork swells and becomes yellow ; and as the 
distillation proceeds, a soft spongy matter rises to the 
surface. The distillation is continued, until the produc- 
tion of red vapours ceases : the whole, while warm, is 
poured into a glass or porcelain bason, placed on a sand- 
bath, and a moderate heat is applied, stirring the matter 
constantly with a glass spatula. It is thus gradually 
thickened : and as soon as it ceases to disengage white ir- 
ritating vapours, the vessel 'is removed from the sand-bath, 
and the residual mass agitated until it is nearly txild, A 
substance is thus obtained, of the consistence of honey, 
of a yellow coI6ur, and a sharp penetrating odour when 

^ Annales de Chtmie, torn* xxui« p, 4X9 
2*2 
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It is warm, an aromatic odour wlien cold. To obtain the 
acid which is contained in it, it is pijit into a matrass, and 
twice its weight of distilled water is poured upon it ; it 
is heated so as to liquefy it, and the solution is filtered from 
the part that is not dissolved by the water. It is of a 
clear amber colour, and has a smell approaching to that 
of prussic acid : on cooling it becomes turbid : the pre- 
cipitate which falls down is separated by filtration, and 
the acid obtained more pure. It is still, however, some- 
what coloured, but the colour is removed, either by satu- 
rating it with an alkali, and again precipitating it by an 
acid, or by boiling it with charcoal. It is obvious, that 
in this operation the production of the acid is owing to 
the communication of oxygen from the nitric acid to the 
principles of th8 cork, though how far any pf these is ex- 
pended in the formation of produtts different from the 
.aeid, is^not determined. Carbonic acid gas is disengaged 
during the operation, along with the nitrous vapours. 
The matter deposited during the formation of the acid, 
consists principally of a substance which separates and as- 
sumes the consistence of wax, and of a white tasteless 
powder, which has sc'me analogy with fecula. 

Suberic acid may be obtained in a solid form, but is 
not crystaliizable ; it is either pulverulent when it has 
been precipitated, or when obtained by evaporation is in 
thin irregular pellicles. Its ,taste is slightly bitter and 
acid : dissolved in a small quantity of boiling water, it is 
irritating to the throat, and excites coughing. It reddens 
the vegetable colours, and it attracts a little humidity 
from the air, especially when it is not perfectly pure. 
Exposed to heat, it is volatilized, and forms crystalline 
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flakes on the sides of the vessel. Heated by the blow« 
pipe, it fifst liquefies, then becomes pulverulent, and last- 
ly is sublimed, exhaling an odour of sebacic acid.* It be- 
comes brown from exposure to light. 

At the temperature of 60®,‘an ounce of water dissolves 
10 grains of the concrete acid, but if it is very pure, not 
more than 4? grains. Boiling water dissolves half its 
weight. 

It is not altered by oxygen gas. The mineral, or the 
oth^r vegetable acids, have little action on it, and do not 
completely dissolve it, especially when it is not quite 
pure. Alkohol developes in it an. aromatic odour. 

Suberic acid unites easily with the alkalis and earths. 
Its salts are named Suberate^. The mineral acids in ge- 
neral precipitate the suberic acid from their solutions ; and 
they arc decomposed by solutions of almost all the metal- 
lic saUs. 

Suberate of potassa, formed by adding suberic acid to 
carbonate of potassa, crystallizes in four-sided prisms j 
has a bitter saline taste *, is fused and decomposed by heat; 
and very soluble in water. Sqberateof soda does not cry- 
stallize ; its taste is slightly bitter ; it is very soluble in 
water, and attracts humidity from the air. It is also so- 
luble in alkohol. Suberate of ammonia has a saline bit- 
terish taste : it is crystallizable } is very soluble in water } 
attracts a little humidity from the air, and is volatilized 
wdicn heated before the blow-pipe. Suberate of barytes 
is not crystallizable, and is scarcely soluble in water, ex- 
cept from excess of acid. Suberate of lime is also very 
sparingly soluble in water; boiling wafer dissolves a por- 
tion of it, but the greater part precipitates on cooling $ 
ZQ 



nor4oes it crystallize : it is perfectly white : its taste is a 
, little saline. Suberate of magnesia is in the form of a 
powder I it has a bitter taste ^ attracts a little humidity 
from the air ; is soluble in water, and is decomposed by 
heat. Suberate of argil cannot be obtained in a crystal- 
line form, but, when reduced to dryness by evaporation » is 
in the state of a«dry mass, of a yellow colour, transparent, 
having a styptic bitterish taste : if too much heat has been 
applied, it melts and becomes black. 

Suberic acid has no action on platina, gold, or nickel ; 
but it forms salts with the greater number of the other 
metals. In general these salts do not crystallize, and they 
have a tendency to form with an excess of acid. Its ac« 
,tion on some metallic solutions give some appearances 
which mUl serve to distinguish it. It decomposes acetite. 
and nitrate of lead, and nitrates of mercury and silver : 
with nitrate of copper it forms no precipitate, but the blue 
colour of the solution passes to green, as does also that of 
sulphate of copper : the solution of sulphate of iron be- 
comes of 9 deep yellow, and that of sulphate of zinc of a 
clear golden yellow. 

A character peculiar to it is, that when a few drops of 
it are added to a solution of indigo in sulphuric acid, it 
causes the blue colour to pass to a green. 

Bouillon Lagrange, in concluding liis memoir on this 
acid, points out the characters by which it is distinguish- 
ed from the known vegetable acids :^from the citric, 
fay not crystallizing ; from the gallic, by not precipitat- 
ing iron black } from the mdlic, by being obtained in a 
concrete form ; from the tartaric, by its volatility ; from 
oiaric,*by not j^ecipitating the solution of sulphate of 
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copper, and by yielding to it linie. From these, and the 
various phenomena presented in its combinations, he con- 
siders it as proved to be different from all the other 
acids. 

These observations are so far just. Tet it is to be ob^ 
served, *that this acid does not appear to have ever been ob- 
tained pure. A portion of extractive matter^is formed along 
'with it, in the oxygenizement of the cork, which still ad- 
heres to it, and which appears to be only partially abstract- 
ed,^as is evident from the aromatic odour which alkohol 
iievelopcs in it, and from a*fact incidentally mentioned by 
Lagrange, that it is onJy by presenting it to carbonate of 
potassa, that the suberate of that alkali can be formed, as 
if pure potassa be employed. It acts upon the acid, and 
gives it a very deep colour* It is obvious, we can-, 
not determine how far the peculiar properties it exhibits 
may be owing to the foreign matter thus combined with 
it. 


The Ligneous Fibre is probably the basis of other ve- 
getable production, as of the fibres of flax, of cotton, and 
of other vegetables which are dressed and wove into cloth. 
They agree with it, iiot only in their natural productipn 
and in their texture, but in chemical qualities } particu*- 
larly in inflammability, insolubility in water or alkohol, and 
in the changes they suffer from the alkalis, the O^ine^ 
ral acids, and other re-agents. And any differences they 
do present, arc probably to be ascribed to their of 
aggregation, or to very slight modifications of composi- 
tion. {f this view be just, the basis ^f Paper must con- 

7 ^ 4 , 
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si$t:«lso of the same principle, and it exhibits nearly the 
, same chemical qualities* 


SECT. X3CIV. 

AROMA. . ACRID PRINCIPLE. BITTER PRINCIPLE. NAR*« 
COTIC PRINCIPLE."* COLOURING MATTER. 

I PLACE these principles under one section, and at the 
close of the history of the vegetable^ubstanccs, as their ex- 
istence, though maintained by some modern chemists, ap- 
pears to me to be extremely doubtful. The sensible 
.qualities are ascribed to them, and from which 

their names and distinctive characters arc derived, are 
such as may belong to any of the known vegetable prin- 
ciples, and are mdeed possessed by principles of the most 
opposite kind ^ and it appears a very unfounded and un- 
philosophical hypothesis to assume, that there are distinct 
principles in which they'reside. Should a principle dif- 
ferent from others previously known be discovered, which 
possessed bitterness, or any other of these qualities, and 
should even this principle be (detected in more than one 
ycgetable endowed with the same property, still it ought 
not to be characterized from it, since it Cannot be pre- 
tended that that quality is in all cases attached to a prin- 
ciple of this kind, and, as existing in any vegetable pro- 
duct, depends on the presence of a portion of this princi- 
ple. The principle, therefore, were its existence csta- 
bUshedi should be distinguished from chemical qualities 
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'«trhtch belong to It ; and the sensible quality^ from which 
in this mode of classification it has derived its name, • 
ought to be considered as rather accidentally than essen- 
tially connected with it. As these principles, however, 
have been supposed to exist, and as with regard to some 
of them there are some facts which to a certain extent fa- 
vour the opinion, it may be necessary, in* concluding the 
history of the vegetable proximate principles, to state 
briefly the observations or the reasonings which have been 
connected with this subject. 


Aroma. This has been considered as the principle in 
which the odour of vegetables resides. The 4l[kntial oils 
of plants very generally possess their flavour; but it was 
observed, that many vegetables which smell strongly yield 
little or no essential oil ; and the oil, when it is obtained, 
has not that strong odour we should expect, did the odour - 
of the plant entirely depend on it. This is the case with 
the violet, jessamine, and many other odoriferous flowers. 
It was farther observed, that if such vegetables be placed 
in water, and exposed to a very gentle heat, not sufiicient 
to volatilize their essential oil, they are deprived of their 
smell, which is in some measure transferred to the water, 
when the operation is performed in close vessels. .The 
essential oils, too, It was remarked, always lose a great 
part of their odour from exposure to the air, though little 
of the oil itself is dissipated, And, lastly, it has some-<> 
times happened, that the atmosphere around odoriferous 
plants has not only had their odour diffused through it. 
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but; received such an impregnation of jsome infiammabla 
.elaatic fluid, as to have kindled on the approach of an ig« 
xuted body. From such facta it was inferred, by some of 
the older chemists, that there exists in vegetables a subtle 
principle in which their odour resides ; that this is capa*< 
hie of being combined with their other principles, bnd in 
particular with their essential oils, to which of course it 
communicates the odour of the plant. By Boerhaave 
this principle was named the Spiritus Rector of vegeta- 
bles; and in framing the modern nomenclature, it recei- 
v.ed the denomination of Aronia. 

The observations of Fpurcroy or> this subject * are per- 
fectly just. The faculty of exciting the sensation of odour, 
. is a quality which may belong to any kind of matter, and 
which doe|| belong to many substances, as ammonia, sul- 
phur, and its combinations, the metals, and many chemical 
compounds, in which we cannot suppose the existence 
of any common subtle principle on which it depends. And 
jthere is no reason to suppose but what it may exist in ve- 
getable products, without being attached to such a prin- 
ciple in them. If its existence were supposed too, nu- 
merous species of it must be admitted ; for the odour it 
conui:iunicates is its only characteristic property, and this 
odour is different in every plant : and all the facts from 
which the existence of it has been inferred, admit of ex- 
planation, on the supposition that the odour resides in the 
essential oil, which is sufficiently volatile to be dissipated 
at a very moderate temperature, which may be diffused 
m atmospheric air, or dissolved by it, and whlcli, suffer* 


* Antiales de Chimie, tom. xxvi. p. 2S2. 
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ing chemical changes from long exposure to , the atmos- 
phere, is thus deprived of. much of its odour. At the « 
same time, the odour may sometimes reside in some other 
proximate principles \ and indeed the greater number of 
these may be distinguished by a smell in general faint, 
but sufficiently perceptible. 


Acrid principle. The existence of such a principle 
has been inferred from a few facts with regard to certain 
acrid plants. It has been found, that several vegetables 
which arc inodorous, or have only a weak smell, are in 
their recent state extremely acrid to the taste, and dis- 
play this acrimony in the irritation and inflammation 
which they occasion when applied to the skin. Such are 
the roots of the Scilla maritima,of the Coichicum au- 
tumnale, Hryonia alba, and Arum maculatum, and the 
leaves of the Anemone nemorosa, and of the Clematis e- 
recta. Yet they lose entirely this peculiar acrimony on 
being dried, while their other active powers frequently 
remain. From this circumstance, and from their want of 
odour, it is concluded that the acrimony cannot be suppo- 
sed to depend on an essential oil. From some of these 
plants too, this principle is communicated to water or al- 
kchol by distillation from them, though no other property 
but the acrimony is thus conveyed. There appears soine 
reason, from these facts, to admit the conclusion that has 
been drawn from thqm that there exists a peculiar vo- 

* Gren, Principles of Chemistry, vol. i. p, 20. Hermbstaedt, 
Medical and Physical Journal, vol^ i. 
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latUe principle in the$e plants difFerent from an essential 
in which their acrimony resides. If its existence shall 
be considered as probable^ boweVer, it has never been ob- 
tained in such’a state as to be submitted to chemical ex- 
amination! and all that relates to it is therefore uncertain 
and obscure. 


Narcotic principle. The existence of such a prinpi- 
pie has been inferred from facts*somewhat similar to those 
on which that of an acrid principle^has been supposed to 
be established. It has been found, that many narcotic 
plants suffer a diminution in their power from age, and 
that they are also rendered inert by decoction in water, 
though when the operation is performed so as to con- 
dense the water volatilized, it is not found to be impreg- 
nated with any essential oil j nor arc essential oils usually 
possessed of such active powers. In some cases, the dis- 
tilled water, as for example that from the leaves of the 
cherry laurel, (Prunus laurO'Ccrasus,) has a narcotic 
power 5 in other cases it has none. 

Thesfe facts are inconclusive. The injury which some 
of these plants sustain from deisoction, while, at the same 
time., their powers are not communicated to the water 
distilled from them, is probably to be ascribed not to the 
dissipation of a subtle volatile principle, but rather to 
changes which its principles suffer, and probably princi- 
pally to the oxygenizement of its extractive matter. And 
where the narcotic power is communicated to water by 
distillation, some singular facts lately discovered appear to 
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prove, that It depends on the presence of a well-known 
substance, the Prussic acid. It had always been observ-* 
ed, that |his acid has even in a high degree the peculiar 
fragrant smell of peach blossoms ; and it had also been 
observed, that the same smell, more or less faint, is per- 
ceptiblc in the distilled waters from tlie leai^es of the 
cherry-laurel, the seeds of the bitter ahnond, and some 
similar vegetables, all of which are more or less nar- 
cotic. Bohn at length found, that when potassa was 
added to the water distilled from the bitter almond, it ac- 
quired the property of forming a blue precipitate w’ith 
solutions of iron, — the sure indication of the presence of 
pfbssic acid. Schro^der confirmed this, and found far- 
ther, that the same acid was contained in the distilled 
waters of the peach blossom and the cherry-laurel, so 
that even a prussiate might be obtained from them crys- 
tallized, by distilling them from potassa. These singular 
results were confirmed by Vauquelin and by Bucliolz. 
The latter chemist succeeded in separating prusbic acid 
from the essential oil of the cherry- l.iurel, by agitation 
with solution of potassa. And RolofF has since shown, 
that lime-water, and water oi ammonia, with the latter 
of which Bucholz did not .succted, abstract the prussic 
acid from the same oil, as well as from the oil of the bit- 
ter almond It has been found, too, that the prussic 
acid, in its pure state, is narcotic i and there is therefore 
every probability in the conclusion, that that. quality in 
the preceding vegetables depends on its presence. But 

* Journal dc Physique, tom- Ivi, Amiales de Chimie, 
tom. xly. Philosophical Magazine, vol. xviii. 
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ircm this there is no reason farther to infer that it is the 
•^natcotic prii^ciple ; for there is no reason to presume that 
it exists in other narcotics, and it is itself inferior in nar- 
cotic power to some vegetable products. 

The existence of a narcotic principle altogether differ- 
ent from this has beeii inferred from a very different se- 
ries of facts. Dcrosne) in analyzing opium, our principal 
narcotic, discovered a principle apparently different from 
any hitheito observed. It was obtained by digesting wa- 
ter on opium ; the water dissolves it, along with some 
other principles, and when the* solution is evaporated, a 
precipitate falls down, which consists of this principle, 
with resin and extract. By digesting alkohol on the pre- 
cipitate, the resin and this peculiar principle are dissolv- 
ed i and as the solution cools, the latter is precipitated in 
crystalline grains. These may be purified by repeated 
solution and crystallization : they then assume the prism- 
atic form ; are white, free from taste, or smell, very spar- 
ingly soluble even in hot water, and insoluble in cold wa- 
ter, more soluble in alkokol, and precipitated from this 
solution by the addition of w^ater It proves narcotic, 
and, according to Derosne, is more powerfully so than 
opium. It is also soluble in ether, and in all the acids, 
as well as in the alkalis ; the solutions of it in the acida 
being precipitated by the alkalis, and those in the alkalis 
by the acids. It is decomposed by nitric acid, and oxalic 
acid is formed. Exposed to heat, it melts, and if urged 
with a strong heat, is decomposed, and affords the usual 
products of vegetable matter, with ammonia. 




* Annales de Chimie, tom. xlv. 
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The^e experiments present results so singular, and ac.* 

cording so little with the previous numerous researches* 

on the analysis of opium, that they undoubtedly require 

to be confirmed by other authorities ; and even in their 

present state, they are far from warranting the conclusion, 

* 

that it can be regarded as the narcotic principle. There 
is no proof that it is contained in any otlfer narcotic ; and 
we have even proof, that the narcotic power of some ve- 
getables depends on a very different principle, — the prus- 
sio acid. There is even a strong objection to the conclu- 
sion, that it is the principle in which the narcotic power 
of opium resides ; for* it does not appear to be possessed 
of that power in the high degree which we should expect 
were that conclusion just. One grain of opium produces 
all the eflects of a narcotic \ yet the great bulk of the 
opium consists of other principles, particularly of resinous 
and extractive matter. How small a quantity, therefore, 
of this principle must be contained in one grain of crude 
opium } and of course, what high activity must it be pos- 
sessed of in its insulated state ? Yet, from the experi- 
ments, it does not appear to have been much more active 
than opium itself. The whole subject requires farther 
investigation •, and at present there is no proof, and even 
little probability of the distinct existence of a narcotic 
principle ; the power of acting on the animal system, and 
producing those effects from which the tlefnrition of a 
narcotic is derived, arising probably, in common with the 
other powers which the vegetable products have of pro- 
ducing changes in the functions of life, from modifica- 
tions of composition which may belong to various princi- 
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,ple&» and which, there is perhaps reason to believei are too 
• a^tle to be ever detected by chemical analysis. * 


Bitter principle. It has been supposed by some 
chemists^ that a peculiar principle exists in some of the 
vegetable bitters, in which their bitterness resides. The 
properties, however, that have been assigned to it, parti- 
cularly its equal solubility in water and in alkohol, and its 
precipitation by certain re-agents, appear to prove, that 
what has been considered as sdeh is a variety of extract, 
slightly modified, perhaps, by intermixture with other 
principles. And were even its existence established, the 
name that has been given to it, implying that it is the 
principle of bitterness, can with no propriety be assigned 
^to it, since so many substances possess this quality, in 
which it has not been proved, and can scarcely even be 
supposed to exist. 

A peculiar substance, which is artificially formed from 
certain vegetable and animal products, and has been nam- 
(fd Bitter Principle, has a better claim to be considered as 
a distinct substance. There is no reason, however, to be- 
lieve that it is ever naturally formed, or that it exists as a 
vegetable principle ; and as a product of chemical action, 
particularly of the action of nitric acid on animal matter, 
a will afterwards fall to be considered. 


C)L0URmG MATTER."' It has been supposed, that a pe- 
culiar proximatb principle exists in vegetables, in which 
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their colour frequently resides, and which has hence re- 
ceived the name of Colouring Matter. In this opinion' 
there is a degree of obscurity, and vagueness. Colour be- 
ing merely a secondary quality, which may reside in any 
principle, and which often is exhibited by principles of 
the most opposite kind, there appears no reason to sup- 
pose, that there is a distinct principle to’ which it exclu- 
sively belongs. And under this point of view", this con- 
clusion is undoubtedly just. At the same time, w’c find, 
that* many vegetable products, possessed of deep or of 
vivid colours, agree in certain chemical relations : the 

I 

colouring nK>tter can be abstracted from tlu-m by the ap- 
plication of certain solvents ; can be still farther transfer- 
red from these solvents, to other substances exerting affi- 
nities tow ards it ; and this, without it being nlw^ays pos- 
sible to refer the phenomena to actions exerted to any 

known proximate principle. In general, this colouring 
* 

matter appears most nearly allied to the extractive princi- 
ple ; yet it sometimes possesses properties which cannot 
be referred to this. Farther investigations must deter- 
mine with more precision its varieties, and their relations 
to the other vegetable principles. In the obscurity w"hich 
at present prevails with regard to it, it seems preferable 
so far to generalize the facts on this subject as to state 
them in connection, without assuming decidedly, that the 
principle to which they relate is perfectly uniform and 
distinct from every other. These facts, too, are of im- 
portance from their connection with the arts of dyeing 
and pigment- making, of which, as^being strictly chemical, 
it is necessary to take notice. 

A a 
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The colouring matter of iregetables is, scarcely ever 
^fpund ii\sulated, but is mixed or combined with other 
principles. In this state it exists in the leaves, and flowers, 
in the bark, and in the wood of the stem and roots. It is 
extracted, and obtained more pure by the action of those 
agents which are capable of dissolving it. 

In many cases, water, cold or warm, is suflicient for 
this purpose. If logwood, brazil wood, madder, weld, or 
quercitron' bark, for example, be macerated in water, the 
matter on which the colour depends is dissolved -y a trans- 
parent solution, more or less deeply coloured, is obtain** 
ed ; and, by repeating the maceration with water suflfi- 
ciently, nothing at length remains but the mere ligneous 
fibre. 

Sometimes, however, the colouring matter Is not solu- 
ble in water. It is then frequently soluble in alkohol ; 
and in a few substances, as in the alkanet root, is even 
best dissolved by oils essential or expressed. Frequently,, 
too, the extraction of the colour is facilitated by the action 
of other substances, as, for example, the alkalis or acids ; 
and some even can be dissolved only by the acid of these. 
These diflTerences sufliciently prove, that this matter is 
not uniform, but that colour is attached to principles of a 
different nature. 

When the colouring matter is in solution, it may be at- 
tracted from the solvent by other substances v/ith which 
it enters into combination ; and this in some measure 
gives it a more appropriate character. There are some 
substances even which appear in general to exert strong 
aflfinities to colouring matter, particularly argil, and some 
of the metallic oxides. If argil be diffused or boiled in a 



COLOURING MATTER. 


371 


coloured vegetable infusion, it often happens that the co- 

« 

louring matter combines with it, and leaves the .water of 
the infusion perfectly colourless. Or if alum be dissol- 
ved In a coloured infusion, and it be decomposed by the ^ 
addition of an alkali, the argil in the moment of its pre- 
cipitation attracts the colouring matter, forms a coloured 
precipitate, and if the due proportions have been obser- 
ved, the liquid will remain colourless. In like manner, 
if a coloured infusion be boiled with a metallic oxide, it 
often happens that the colouring matter is attracted by 
the oxide. Thus, Berthollet obtained combinations, by 
this process, of the colouring matter of logwood, and 
other dyc-stufl‘s, with oxide of copper, and oxide of tin 
Or if certain metallic salts be dissolved in the infusion, 
and be then decomposed by an alkali, the oxide in preci- 
pitating equally attracts the colouring matter. It is from 
similar afiinities to tlic colouring matter that it is often at- 
tracted by linen, cotton, silk, or wool, from its solutions ; 
and even where the aflinitics of these are not sufRcicntly 
powerful, they may be rendered capable of attracting it, 
or the combination may be rendered more permanent by 
their being impregnated with another substance, which 
has towards it a still stronger attraction. 

The shade of colour of any substance, and even fre- 
quently the tint of colour, arc altered by chemical agents. 
The alkalis, acids, and various neutral and metallic salts, 
exert operations of this kind. By some even the colour 
is much weakened or altogether discharged. Light, it is 
well known, proves always injurious to the permanence 


^ Annales dc Chimie, tom. i. p. 239. 
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and brightness of vegetable colours ; so does exposidre to 
the air ; and the power of the oxymuriatic acid in destroy- 
ing them is still more energetic* 

On the principles now stated, rests in a great measure 
the art of efyeing, the processes of which are in general 

t 

merely arrangements founded on the affinities of colour- 
ing matter, in consequence of which colours are extract- 
ed, modified, transferred to the cloth, and rendered more 
permanent. ^ ‘ 

This view of the processes of dyeing, which reduces 
them ultimately to exertions of affinity between the co- 
louring matter and the substance dyed, was only gradual- 
ly established. The theory that was adopted by the older 
chemists was rather mechanical. It was imagined, that 
the colouring matter was merely lodged in the pores of 
the cloth ; and, according as the pores were more or less 
numerous, of a greater or less fineness, or subject to other 
modifications, the cloth, or the thread composing it, 
^ould be more or less easily dyed ; and the action of sub- 
stances facilitating the dyeing was supposed to depend on 
the changes they produced on this mechanical structure- 
This was the theory of Hellot. It was sufficiently ob- 
vious, however, that from any operation of this kind, the 
colouring matter could not be permanently fixed in the 
doth, so as to withstand the action of its usual solvents 
and the details of the art received only vague explanations 
from this hypothesis. 

Dufay appears to have first formed a proper concep- 
tion of these operations. He observed, that unless some 
species of affinity or attraction be supposed between ^^tlie 
colouring matter and the substance receiving it, cloth im- 
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mersed in a dyeing liquor could never receive a deeper 
colour than that of the liquor itself ; whereas the liquoi; 
lias always the deepness of its colour diminished, and, if 
certain proportions are observed, it becomes limpid, and 
the colouring pjrticles are entirely transferred from it to 
the cloth, which seems to indicate,” snys he, as Ber- 

f 

thollet has quoted his opinion, that the.ingredients have 
less attraction for the water, than for the particles of the 
wool.” 

Bergman gave this view, however, with much more 
precision, referred the phenomena of dyeing entirely to 
chemical principles, and established this on experiment. 
He had immersed pieces of wool and of silk in a solution 
of indigo in sulphuric acid largely diluted with water. 
He observed, that the wool was very speedily dyed, and 
that if the proper proportions were observed, the solution 
in which it was immersed was ncaily or entirely deprived 
of colour. Tlie silk was dyed more weakly ; it only les- 
sened the colour of the solution, but did not abstract it 
entirely. These phenomena he ascribed to the different 
forces of attraction exerted by these substances towards 
the colouring matter. In consequence of such an attrac- 
tion, the sulpliuric acid had dissolved the indigo ; the silk 
exerted, however, to the particles of the indigo a still 
stronger attraction than the diluted acid did in which they 
were dissolved : it therefore abstracted them from the 
fluid. And the wool did this still more rapidly and com- 
pletely, as having to these particles a still stronger attrac- 
tion *. 


Opuscul. vol. V. 
A, a 3 
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The difference in the forces of affinity of the different 
^natcrials of clothing for the various kinds of colouring 
matter employed in dyer.g are so considerable, that they 
vary, not only in the facility with which they arc dyed, 
and the deepness of colour they assume from the same 
dyeing liquor, but frequently one will receive no colour 
from a composition which will give another a deep tinge. 
Cotton, for example, receives scarcely any colour in a bath 
in which wool is dyed scarlet. Wool is that which ap- 
pears to have the strongest attraction to colouring m,at- 
ter 5 next to it is silk, then linen, while cotton has the 
weakest, and is therefore in almost? every caso dyed per- 
fectly with most difficulty. Animal matter appears there- 
fore to have a stronger attraction to the colouring parti- 
cles than vegetable substances have*, and this shews 
some analogy between colouring matter and tannin. 

But even when the substance to be dyed has little or 
no attraction to the matter on which the colour depends, 
so as either not to be capable of abstracting it from its 
solvent, or of retaining it with such force as to form a 
permanent dye, methods have been discovered of com- 
pensating for this, and of communicating to it the co- 
lour, and rendering it permanent. This is done by im- 
pregnating it with some substance which shall serve as a 
bond of union between them. Such substances are, in 
the language of the art, denominated Mordants. Their 
use is essential in almost all the processes of dyeing, and 
tlie discovery of them has been altogether empirical, or 
without any knowledge of the principles on which they 
operate. Macquer seems first to have given clearly the 
theory of their actions : where they have been used, he 
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observes, it is not the stuff immediately which takes the 
colour, but the earthy or metallic part of the mordants \ 
GO that when stuffs are well dyed by these processes, it is 
owing to those coloured precipitates being capable of ad- 
hering to them more or less forcibly.” Mordants, there- 
fore, are substances which on the one hand have an at- 
traction to the matter to be dyed, and, pn the other, to 
the colouring matter, and which thus serve to unite 
them. Without their use, either the colouring matter 
wguld not be at ah attracted, or attracted so weakly that 
in washing the cloth it would be again removed. 

The mordants are nurnerou,s. The principal are alum, 
acetate of argil, muriate of tin, sulphate of copper, and of 
zinc, acetate of copper, oxideof arsenic, tannin, and certain 
animal substances. Of those of the saline kind* it is not 
so much the entire salt, as its earthy or metallic base that 
serves to fix the colouring mattcF j and in the course of 
the process it is accordingly often, perhaps always, disu- 
nited from its acid. Hence the extensive application of 
alum and of the solutions of tin as mordants, from the 
powerful affinities of argil and oxide of tin to colouring 
m.itter. 

Sometimes mordants axe employed rather to heighten 
the colour, or give it more brilliancy, or communicate a 
particular shade. In this case the operation is obviously 
altogether different, and these ought to be distinguished 
by a different appellation. Besides the substances already 
enumerated, the sulphuric and nitric acids, and even the 
nxymuriatic acid, in small quantity, are employed with 
iliis view. 

Mordants are susceptible of a great variety of applica- 
A a 4* 
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tlons^ with regard to the various dyes ; and the dlflerent 
cloths, and the proper management of them, constitutes 
a great part of the art of dyeing. They arc used, cither 
by previously injpregnating the cloth with them, or by 
mixing them vi’ilh the dyeijig materials, or sometimes 
both methods arc conjoined. There are alto niimorous 
varieties in the •composition of the dyeing materials, a 
number of substances being often mixed, in order to pro- 
cure a particular colour or shade. This evidently admits 
of no abridged account *, and I must refer, therefore, for 
any details with regard to it, to the scientific treatise of 
Berthollct, on tliC Art of Dyeing. ' 

The art of cloth-printing or calico-printing, in other ' 
words, of dyeing in certain colours particular spots of the 
eloth, or figures impressed on it, while the ground sliall 
be of a different colour or entirely white, afi'e^rds perhaps 
the most direct and obvious illustration of the application 
of these principles - 

The mordant which is principally used in this process, 
is the acetate of argil. It is prepared by dissolving 3 lbs. 
©f alum and 1 lb. of acetate of lead, in 8 lbs. of warm wa- 
ter. An exchange of the principles of these salts takes 
place : the sulphuric acid of the alum combines with tlic 
oxide of lead, and the compound thus formed being inso- 
luble, is precipitated ; the acetic acid remains united with 
the argil of the alum in solution. There are added at the 
same time, 2 ounces of the potash of commerce, and 
2 ounces of chalk ; the principal use of which appears to 
be, to neutralize the excess of acid that might act on the 
colouring matter and alter its shade. The supeuority of 
this acetate of aVgil as a mordant, to tlic cheaper sulphate 
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of argil or alum, arises principally from two circumstan- 
ces, — from the affinity between its priaciplcs being weak- • 
er, in consequence of which the argil more easily sepa- 
rates from the acid, and unites with the cloth and the 
colouring matter ; and, 2diy, from the acetic acid disen- 
gaged ill the process, not acting with the same force on 
the colouring matter as the sulphuric tcid w^ould do. 
The acetate being also very soluble, and having little ten'- 
clency to crystallize, can be more equally mixed and ap- 
plied. The discovery of this mordant, so essential in the 
art of calico-printing, was altogether accidental, or rather 
empirical. The recipes of the cal'co-printers were at 
one time very complicated : different articles were from 
time to time omitted or changed, until at length the sim- 
ple mixture of alum and acetate of lead was found to an- 
swer as a mordant equally with compositions more com- 
plicated ; and even after its discovery, its operation for a 
time was far from being understood by the artist. 

Tlie mordant tlius prepared, is thickened w'ith gum or 
starch 5 or in this country, witliin these few years, wdth 
the mucilage prepared from lichens scalded and bailed 
with a little potash. It is applied by wooden blocks or 
stamps to the parts of the cloth on which the figures cut 
in the st.imp are designed to be impressed, or by a pencil, 
if more delicate lines are to be traced. The cloth is after- 
wards dried thoroughly, is washed in warm water to re- 
move the mucilage and the superfluous mordant, and Is 
then dipt in the dye liquor, suppose it to be an infusion 
of madder; the wdiole is dyed, but the parts which have 
been impregnated with the mordant receive a brighter 
colour ifvan tlie part which has not : the colour too of the 
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fonner is permanent, while that of the latter is fugitive. 
• It is discharged by subsequent boiling with substances ha- 
ving a weak attraction to the colouring matter, principal*, 
ly with bran, and by exposure on the field, repeating these 
alternately. The ground of the cloth is thus at length 
rendered white, while the colours of the parts on which 
che mordant has been impressed, representing of course 
the design on the stamp, remain with little or no altera- 
tion. 

With this mordant, madder gives die various shades of 
red ; with weld or quercitron hark, the shades of yellow ; 
and with logwood, a rich but fugitive purple. To diver- 
sify the colours, another mordant is likewise employed, — 
the acetate of iron, applied jn precisely the same manner. 
With madder or logwood it gives black, and by dilution, 
different shades of purple; with weld, olive, and with 
quercitron bark, brown. Mixtures of these are also made, 
which give other colours. Haussman has also recom- 
mended as a mordant, acetite of tin. 

Sometimes after the whole cloth has been permanent- 
ly dyed, by having been impregnated with the mordant, 
the colour is discharged from certain parts, by stamping 
these with a weak acid liquor : after being washed, these 
are again stamped, either with the same or with a differ- 
ent mordant, and dyed with different materials ; and thus 
the most difficult kind of cloth printing is effected, where 
the ground is coloured, and at the same time inipressed 
with ^ design in different colours. By combining these 
methods too, and by dextrously applying to different parts 
of the cloth different mordants, by stamps adapted to 
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each otheri so as to form a regular design, dilFerent co* 
lours arc impressed either on a white or coloured ground. « 

The formation of the vegetable pigments, or what are 
named Lakes, depends on the same principles, and affords 
too a very perfect exemplification of the affinities of co- 
louring matter. The colour of any vegetable matter is 
extracted by its proper solvent, generally by water ; and 
there is added to the solution, some substance capable of 
attracting and combining with the colouring matter, so as 
to form an insoluble precipitate* Thus, if alum be dis- 
solved in an infusion of* brazil wood, and an alkaline so- 
lution be added, the argillaceous earth is precipitated, and 
carries down with it the colouring matter, forming there- 
fore a lake. Similar lakes are formed from other colour- 
ed vegetables, as from quercitron, turmeric, &c. And 
the most beautiful of them, carmine, is prepared by a si- 
milar process from cochineal, a colouring substance of 
animal origin. It is not always necessary even, that the 
colouring matter should be In a state of solution. It is 
sufficient if it be suspended in water. Sir H. Englefiield 
has shewn, that if the colouring matter of madder be in 
this state of suspension in boiling water in which alum is 
dissolved, on adding carbonate of potassa the argil is pre- 
cipitated, and attracts the colouring matter, forming a 
very rich lake * . Sometimes too metallic oxides are em- 
ployed as the basis of such pigments, particularly oxide of 
tin j muriate of tin being added to the coloured infusion, 
and being decomposed by an alkali : and Guyton has re- 
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commended oxide of tungsten, as affording a basis for 
lakes superior to any other, both in the brightness and 
permanence of the colour 

The vegetable substances used in dyeing are extremely 
numerous- The colouring matter of the greater number 
of them, such as all the woods and barks, logwood, brazil 
wood, weld, quercitron, &c. appears to approach in its cha* 
racters to extract, and admits therefore of few observations 
as to their chemical history farther than what have been 
already stated. Logwood, the wood of the Hxmatoxylum 
Campechianum is of a bright red colour, and affords to 
water very easily its colouring matter ; its infusion having, 
with the red, a purple tinge : it is used principally for 
giving purple dyes, its colour being modified by the dif- 
ferent mordants ; and it also enters into the composition 
of the black dyes. Brazil wood, the wood of the 
pina crispa, gives to water a bright red colour, and 
louring matter is easily attracted by argil and the metallic 
oxides, the latter frequently modifying the colour. The 
alkalis give to it a violet tint, and the acids precipitate it 
of a fawn red colour. It is much used botli in dyeing and 
in the formation of lakes. Madder, the root of the Rubia 
tinctorum, is another red dye, the colouring matter of 
which is extracted, though rather partially, by water, and 
of different shades, in repeated macerations, so that at 
length it gives only a fawn colour ; and even after these 
successive infusions, it still retains much of the colouring 
matter, which may be extracted by the action of an alka- 
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li. Alum forms in its infusions a brownish red prectpii 
tatc j and the remaining liquor^ when an alkaline carbon- , 
ate is added to it, giveS a blood-red precipitate, which, by 
an excess of alkali, is rcdissolved. It is much used both 
in dyeing and calico-printing, giving numerous shades of 
red, according as it is combined with different mordants. 
Quercitron is the internal bark of the Quercus nigra: 
it yields its colour, which is yellow, by infusion to water, 
and by the common mordants, alum and muriate, gives a 
permanent dye. It is now much used as a substitute for 
Weld, the stalks of the Reseda lutcoU, which j^i'^cre for- 
merly used to furnish i yellow dye, being combined with 
alum and tartar as mordants, and which also was some- 
times combined with madder, to obtain orange and other 
shades. Fustic, the wood of the Morus tinctoria, affords 
another yellow dye : its decoction in water is of a reddish 
yellow colour, and it gives a yellow dye to cloth, which, 
even without the aid of mordants, is permanent ; by the 
use, however, of alum, tartar, and muriate of tin, the co^ 
lour is rendered brighter. Sumach, the shoots of the 
Rhus coriaria, is used for giving a fawn colour, which it 
does alone wdieii merely boiled in w^ater. With acetate 
t)f argil, it gives a yellow ^ and as it contains a portion of 
tannin, it enters sometimes into the composition. of the 
black dyes, and is likewise used as a mordant, to modify 
other colours, or render them permanent. 

All these substances agree nearly in their chemical 
qualities ^ and their colouring matter, which exists in 
them attached to the ligneous fibre, and more or less 
mixed with other principles, appears to be very similar in 
its nature to extract. But besides these, there are some 
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ether substances^ the colouring matter of which exhibits 
very different properties, and can scarcely be reduced to 
any known principle. 

The most important and singular of these is Indigo, the 
produce of different species of the genus Indigofera, which 
are cultivated for its production in America and the West 
Indies. It is in some measure an artificial preparation. 
The plant being cut, when ripe, is put into large troughs 
or vats, with a quantity of water, and pressed down. It 
undergoes a species of fermentation, and a quantity of 
aerial fluid is disengaged, partly inflammable, and said to 
be a mixture of carburetted hydrogen and carbonic acid. 
The water becomes turbid, from the formation or extrac- 
tion of the colouring matter ; and when the fermentative 
process appears to have been sufficiently advanced, it is 
drawn off into another vat, where it is kept constantly 
agitated, to promote the separation of the colouring par- 
ticles, and the disengagement, as is supposed, of a quan- 
tity of carbonic acid. Towards the end of this stage of 
the operation, a portion of lime-water is added, which 
still farther favours the separation of the colouring mat- 
ter. It begins, therefore, now to subside. The liquor is 
withdrawn into another vessel, in which the deposition is 
allowed to go on : the clear liquor above, which is of a 
yellow colour, is drawn off : the semi-fluid sediment at 
the bottom is received into linen bags, through which the 
remaining fluid strains : the indigo remains in the state of 
a paste, which is dried by exposure to the air, excluding 
the solar rays. It differs considerably in its qualities, ac- 
cording to the species of the plant, its state with regard 
to maturity, and the care and skill with which the opera- 
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tidn has been conducted. The rationale of the process 
by which it is prepared is by no means well understood. 
The plant, by expression or infusion, affords only'a green 
colouring matter previous to the fermentation ; and we 
have no precise facts from which it can be determined 
how this fermentation is so easily excited, what are the 
changes it occasions, and how these are connected with 
the production of the colouring matter. 

Indigo is of a very rich blue colour, varying however 
in its shade in different specimens. It is light and friable, 
has a smooth fracture, is tasteless, and has scarcely any 
perceptible smell. 

From I>ergman’s experiments it would appear to be a he- 
terogeneous substance, since besides itspure colouringmaN 
ter he found it to contain gum, resin, an earthy matter, 
and oxide of Iron. The proportions in 100 parts were, 
12 of gum, 6 of resin, 22 of earthy matter soluble in ace- 
tous acid, 13 of oxide of iron soluble in muriatic acid, and 
47 of pure colouring matter. It is not easy to determine 
how far any of those is essential to it, or at least uni- 
formly present, or how far they may be regarded as adven- 
titious. Bergman was disposed to consider the iron as es- 
sential to it, and even as contributing to the colour ; but, 
as Berthullct has remarked, the method he used td disco- 
ver it led him to exaggerate its quantity : and by far the 
greater part of what he did abstract by the action of mu- 
riatic acid was removed without affecting the pure colour- 
ing matter. 

Indigo yields to water its mucilaginous part: the pure 
colouring matter is not at all dissolved. By the action of 
water, the inferior kinds of indigo, according to Oiiatro- 
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moret are improved in their quality, probably by the ab- 
( straction of the mucilaginous and extractive matter. 
The colouring matter of indigo is equally insoluble in al* 
kohol, or in ether, a small portion of resin only being dis- 
solved. 

fl 

The action of acids on indigo is more energetic and im- 
portant. Concentrated sulphuric acid dissolves it even 
in the cold, eight parts of the acid dissolving easily one 
part of indigo : the solution appears black, from the deep- 
ness of its colour, and even when largely diluted with 
water retains a deep blue colour. It is this solution dilu- 
ted with about 16 parts of w^atcr ‘that is known by the 
name of Liquid Blue, and that forms aLso the Saxon blue 
dye. The colour is changed to a green, as Bergman 
found, by the action of a number of ’substances upon it ; 
as by sulphurous acid, vinegar, ammonia, alkaline sul- 
phurcts, sulphate of iron j and by some of these the co- 
lour was entirely destroyed. As all these might operate 
by abstracting oxygen, and as some of them are even 
powerful in de-oxidizing it, it .ippcared probable that it 
is to this operation that the change of colour from the 
blue to the green is owing ; yet there are other facts not 
easily reconciled with this, the blue being changed to a 
green, ©r being even entirely destroyed, by other substan- 
ces which can scarcely be supposed to exert any such a- 
geiicy, as by soda and poUissa, and black oxide of manga- 
nese. 

The alkaline carbonates throw down from the solution 
of indigo, in sulphuric acid, a blue powder, which 
Bergman named Precipitated Indigo. 

Nitric acid acts on indigo, not merely as a solvent, but 
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decomposes !t. The action^ when the acid is concentrat- 
ed, is even so violent as to inflame it ; and when dilated, * 
it still acts on it forcibly, and with effervescence ; the in- 
digo becomes of a brown colour, and the residuum 
amounts only to the third part of the original weight. 
Haussman, in his experiments on indigo and its sol- 
vents discovered, that by the action of diluted nitric 
acid on indigo, a substance is formed, which remains in 
the state of a coagulum, which, freed completely from 
:iitrfc acid by washing,* formed a brown-coloured viscous 
mass, of a very strong bitter taste, requiring a large quan- 
tity of water for its solution, and more soluble in alkohol. 
This is the substance which has received the name of Bit- 
ter Principle, as has been already remarked, and which, 
as a product likewise of the action of nitric acid on dif- 
ferent varieties of animal matter, is afterwards to be no- 
ticed. A little oxalic acid is also formed ; and from Mr 
Hatchet’s experiments it appears, that one of the varieties 
of artificial tannin is produced, the solution in water of 
the residual matter becoming turbid, and depositing a 
tough elastic film, from the action of gelatin. 

Muriatic acid does not act on the colouring matter of 
indigo, but dissolves merely the oxide of iron, and the 
earthy matter it contains. It dissolves, however, a portion 
of what Bergman calls Precipitated Indigo, and acquires 
a deep blue colour. A number ’bf the other acids, as the 
phosphoric, acetic, and tartaric, act on it in the same man- 
ner as the muriatic. Oxymuriatic acid destroys its blue 
colour, when the indigo is in a state of solution. 


* Journal de Physique, tom. xxxii. p. 161. 
^ Bb 
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* The fixed alkalis, dissolved in water, dissolve onljr some 
of the s^ubstances contained in indigo, but not its colour- 
ing matter. The precipitate from the solution of indigo 
in sulphuric acid, obtained in the manner already describ- 
ed, is dissolved by them easily even in the cold : the blue 
colour at the same time gradually changes to a green, and 
is at Iqigth destroyed. With the alkaline carbonates the 
f&me solution is effected, but the colour is not altered. 
The action of ammonia and of lime on indigo, in its differ- 
ent states, is the same with that of the pure fixed alk&lis. 

Indigo, when exposed to heat, swells, emits vapours, 
and burns slowly, emitting a white flame. The residuum, 
which amounts to 33 parts from 100, consists of earthy 
matter and oxide of iron. From the preceding analysis 
it appears, that of the 67 parts consumed, 47 have been 
pure colouring matter. This, subjected to destructive dis- 
tillation, is decomposed : the products from these 47 parts, 
were found by Bergman to consist of carbonic acid 2 parts, 
alkaline liquor (composed of carbonate of ammonia dissolv- 
ed in water) 8 parts, empyreumatic oil 9 parts, and 23 of 
charcoal^ which, burnt in the open air, left 4 parts, about 
half of which was oxide of iron, and the other half appear- 
ed to be siliceous earth. From this analysis it may be 
inferred, that the pure colouring matter of indigo con- 
sists of hydrogen, oxygen, nitrogen, and carbon, the 
proportion of carbon fleeing unusually large, and such, 
indeed, as scarcely appears to be contained in any other 
vegetable principle. This predominance of carbon in its 
compooition appears, too, from the facility with which it 
yields artificial tannin, when acted on by nitric acid. 



COLOURING MATTER. 


S87 

The chemical properties of this substance are peculiar^ 
and are evidently such as prevent it from being considered • 
as a variety of any other known principle. 

The application of it to the art of dyeing presents some 
singular phenomena \ for although it is not soluble either 
in alkaline solutions or in lime, yet, by the intervention of 
other substances, this solution is efFected,«so as to form a 
dye -liquor, and the kind of action of these substances in 
producing this effect is not very evident. 

Bergman examined two of the processes of the dyers, 
by which indigo is dissolved. One consists in mixing in- 
digo with an equal wefght of sulphate of iron, and twice 
its weight of lime, and boiling them in water : the indigo 
800X1 dissolves. In the other, a solution of pure fixed al- 
kali is taken, and to this indigo and orpiment or sulphuret 
of arsenic are added : the indigo is soon dissolved, and 
the bath becomes green. Bergman supposed, that the 
sulphate of iron in the one process, the sulphuret of arse- 
nic in the other, operated by communicating phlogiston 
to the indigo, or, to adapt the explanation to the change 
of chemical theory, by abstracting from it oxygen ; and 
this appears to be confirmed by the facts which he ascer- 
tained, that if the sulphate of iron has been previously 
boiled some hours in water, in which case we know it be- 
comes more oxidized, it docs not promote the solution of 
the indigo, and that oxide of arsenic Is also equally unfit 
for this purpose. Haussman has in some measure strength- 
ened this theory, by proving, that a solution of sulphuret 
of arsenic mixed with indigo absorbs oxygen ; and in this 
case, the indigo is reproduced with its blue colour, and 
precipitated. This has also been confirmed by Berthoh 
BbS? 
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let) who has farther observed) what is strictl|l^ conform- 
able to the theory), that when cloth is dyed in the indigo 
liquors prepared by these processes, it i& of a green co- 
lour, but becomes blue by exposure to the air ; and he 
found, that a piece of cloth, coming out of the vat of a 

I 

green colour, became blue by dipping it quickly in oxy- 
muriatic acid. ‘He concludes, from these facts, that indi- 
go, in its natural state, contains oxygen, which may be ab- 
stracted from it, when it becomes green ; that, in this state, 
it is soluble in solutions of the alkalis, and of lime ; <that 
it is again capable of attracting oxygen, when it acquires 
the blue colour, and precipitates 5*and that, on these prin- 
ciples, may be explained the usual processes by which 
this substance is applied to dyeing. When dissolved by 
sulphuric acid, it is evidently in a different state, not be- 
ing deprived of oxygen, but retaining its blue coloqr, 
which therefore the cloth at once acquires ; yet, even in 
this solution, the indigo, as Berthollet remarks, appears 
to have suffered a slight de-oxidizement, and to this he 
ascribes the solubility in alkalis of the precipitate thrown 
down from this solution. 

Wo AD is a substance produced by a process somewhat 
similar to that followed in extracting indigo, and bears 
some resemblance to it. It is extracted from the Isatis 
tinctoria and Isatis Lusitanica. The plant is cut down, 
washed, and dried in the sun : it is then ground in a mill) 
and reduced to a paste. Of this heaps are formed, which 
are covered so as to secure them from rain. This paste, 
after having remained a fortnight, is turned, and its dif- 
ferent parts mixed : it is then made into round balls, 
which are deprived of their moisture by exposure to the 
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air and siib. These balls, heaped on one another, gra- 
dually become hot, exhale an ammoniacal odour ; and • 
the heat is increased by watering the heap slightly until 
the balls are reduced to a coarse powder. In this <8tate 
woad is used ; it gives a blue colour, which is per- 
manent, but has not the beauty of that from indigo. If 
this plant, however, be subjected to the same process as 
that followed in preparing indigo, it affords a blue colour- 
ing matter precisely the same * ; and there can be little 
doubt, therefore, that the colouring matter of woad is in- 
digo more or less perfectly* prepared. 

An NOT A is prepared* from the seeds of the Bixa orel- 
lana, by bruising them, and keeping them in water until 
they ferment. A colouring matter is formed, of an 
orange colour, which is dried, and forms a paste more or 
less hard. It is not perfectly soluble in water, but forms, 
by infusion or decoction, a liquor of a yellowish red co- 
lour, and turbid : the addition of an alkali renders it * 
more soluble, and gives it a bright orange yellow colour. 
Acids form with this liquor an orangs-coloured precipi- 
tate ; and a solution of alum forms an orange precipitate 
still deeper in the colour. Annota is more soluble in al- 
cohol than in water ; and hence, besides its use in dyeing, 
it sometimes enters into the composition of coloured var- 
nishes. In dyeing it is always mixed with an alkali. 

From different species of lichen, is prepared the co- 
louring matter known under the names of Archil and Litr 
mus, so useful to chemists, as the most delicate test of 
acidity. There is some degree of obscurity with regard 


* Bcrtholkt on Dyeing, vol. ii. p. 7?. 
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to these. Arch^ is said to be obtained from ite Lichen 
' vocella, and Lichen parellus ; but it appears that other 
species afford a similar substance. The plant is reduced 
to powder ) a quantitjr of the potash or soda of commerce is 
jdded .to iti and it is moistened with urine and kept 
moist by successive additions, for some time : it ferments, 
and gradually inquires a blue or violet colour ; it is then 
' dried *. Litmus or Turnsole is the same substance, ap- 
parently in a more pure state : it has been said to be pre- 
pared from the juice of the Heliotropium tri^oceumj or 
the Croton tinctorium, with which linen rags are impreg- 
nated, and which are afterwards reduced into a kind of 
paste, containing, according to Fourcroy, soda, according 
to Chaptal calcareous earth and potash. The latter che- 
mist has remarked, that its colouring matter is of the same 
nature as archil. The colouring matter is extracted by 
water ; the infusion is of a crimson colour, inclining to 
violet } if it be kept secluded tompletely from the air, the 
colour entirely disappears ; but it is very quickly renew- 
ed when the air is admitted. It is also soluble in alko- 
hol, and in this solution exhibits the same phenomenon. 
It is instantly reddened by the weakest acid liquor } and 
hence the watery infusion of it, or paper stained with 
this, affords a very delicate test. Its colour is not much 
altered by the alkalis. In dyeing it communicates only 
fugitive colours, and hence is used only in modifying or 
heightening others that have more permanence. 


* Nicholson’s Journal, 4to, vol. ii. p. 311. 
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OF THE SrOXTANEOUS CHEMICAL CHANGES AND 
DECOJIPOSITIOX OF VEGETABLE SUBSTAN- 
CES. 

T he changes of composition to which the vegetable 
principles are liable from the chemical action of other 
substances upon them, are in a great measure peculiar with 
regard to each, as are also the changes they suffer from 
the application of heat, and have therefore been noticed 
under their individual history. But, besides these, they 
are liable to certain spontaneous changes of composition, 
at natural temperatures, arising chiefly from the re- action 
of their constituent elements. These, as being more ge^ 
neral, arc to be the subjects of consideration under the 
present chapter. 

0 

The term Fermentation has been employed l>y che- 
mists to denote an extensive series of changes of this 
kind, in which there is an intesUiie motion of the parts of 
the body, and which gives rise to new products; and as 
this general process varies in its pheriomena and results, 
according to the circumstances under which it happens, 
or the nature of the vegetable matter subjected to it, 
three species of it have been distinguished, — the Vinous, 
the product of which is vinous spirit ; the Acetous, which 
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produces acetous acid or vinegar ; and the Putrefactive, in 
which the elements pass off in new combinations in the ae- 
rial form* To these I add that species of slow decomposi- 
tion which some vegetables in a humid state suffer, lea- 
ving a predominance of carbon in their composition. 
These different species of spontaneous decomposition ma^ 
be considered lender different sections. 


SECT. I. 

OF THE VINOUS FERMENTATION. 

Boerhaave appears first to have distinguished fer- 
mentation into the three species of vinous, acetous, and pu- 
trefactive, each being distinguished by its products as well 
as by the phenomena it presents. He supposed that these 
' three succeed each other in an invariable order, that the 
vinous always precedes the acetous, and that this equally 
precedes the putrefactive. 

Some facts are in favour of this hypothesis, or there 
are substances which undergo these successive changes. 
Many weak vinous liquors, by a continuance of the fer- 
mentative process, become sour, or form vinegar ; and 
vinegar also undergoes decomposition, forms a mould, or 
passes into a species of putrefaction. But it is not to be 
concluded, that these three kinds of fermentation inva- 
riably succeed each other : Many vegetable substances be- 
came sour, which we do not discover ever to assume any 
previous vinous state i and a still greater number under- 
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go that decomposition analogous to putrefaction, without 
having passed through the two previous stages of fer- • 
mentation : when they do succeed one another, however, 
the vinous is that which always precedes the others, and 
which never succeeds them. 

The phenomena which occur during the vinous fer* 
mentation, have been examined with sufficient accuracy. 
The liquor, in passing into it, first becomes turbid ; a 
kind of intestine agitation, in which its parts are moved 
with regard to each other, takes place; a quantity of 
aerial fluid begins to be disengaged, which in some mea* 
sure is entangled by the liquid, and with its impurities 
forms a scum on its surface ; the quantity of this gas 
disengaged continues to increase ; the volume of the li- 
quid is augmented ; and the temperature is at the same 
time raised a number of degrees. The gas thus formed 
is carbonic acid, and its disengagement continues, until 
the end of the process, more or less rapidly, according 
to the nature of the fermenting liquor, and according as 
it is more or less favoured by circumstances. It appears 
in its evolution to be impregnated with part of the prin- 
ciples of the fermenting liquor, and to retain a portion of 
these when it escapes in the aerial form. Chaptal long 
ago observed, that water which had imbibed it by being 
placed in a vessel in the atmosphere above a fermenting 
liquor, on being kept for a month in open vessels, is con- 
verted into vinegar, while, at the same time, a ilocculent 
matter is deposited; proving, as he remarked, that the 
carbonic acid gas had carried with it a little alkohol and 
extractive matter 
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* According to the experiments of Fourcroy and Vauque* 
c Kni the carbonic acid gas disengaged in fermentation it 
frequently mixed with hydrogen. They found, that the 
gas disengaged during the fermentation of barley was of 
this nature ; and this even when the barley had been freed 
from the bran, which they had at first suspected* might 
have been the source of the hydrogen. The wort of the 
brewers, in fermenting, afforded, however, only carbonic 
acid; and the hydrogen, therefore, in the preceding experi- 
ments, must have been derived from the fecula of • the 
gram 

After a certain time, a few days, if the quantity of li- 
quor is considerable, the disengagement of gas and the 
intestine motion to which this gives rise begin to 
cease, and the liquor gradually recovers its transparen- 
cy. If now examined, it is found entirely changed in 
its qualities ; it has lost its bland or sweet taste, has be- 
come pungent, and acquired a peculiar odour, and is ca- 
pable of acting more powerfully on the living system, 
being exhilarating and intoxicating, more or less according 
to its strength. 

This process is altogether independent of any action of 
tbTe air* It can be carried on in close vessels, and if ma- 
terials liable to fermentation be put into a bottle to which 
a bent tube is adapted which terminates under an invert- 
ed jar filled with water, carbonic acid gas soon begins 
to be disengaged, and may be collected. If they be kept, 
however, in this situation, the fermentation proceeds, as 
Chaptal has remarked, more slowly than when the vessels 
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are imperfectly closed, being retarded probably by the 
pressure of the gas ; and hence the necessity, in conduct*** • 
ing fermentation on a large scale, of admitting a commu- 
nication with the atmosphere. Too free an exposure, 
on the other hand, prejudicial, or occasions a waste of al* * 
kohol and aroma *, If the air be excluded, while the gas* 
formed during the fermentation is allowed to escape, Mr 
Collier has shewn by experiment, that the liquor ferment- 
ed under this arrangement is stronger, or contains more 
alkohol, than when fermented in open vessels f. 

Of the vegetable pro'ximate principles, saccharine 
matter is that which {>asses with most facility and cer- 
tainty into the vinous fermentation ^ and fermented li- 
quors are more or less strong, according as the juices 
from which they have been formed have contained a 
greater or less proportion of sugar. Certain circum- 
stances, however, are necessary to enable it^tn com- 
mence and proceed. These are^ a due degree of dila- 
tion in water, a certain temperature, and the presence of 
some substances which appear necessary to favour the 
subversion of the balance of affinities by which the prin- 
ciples of the saccharine matter would otherwise be re- 
tained in union, or at least would be prevented from en- 
tering into those combinations necessary to form vinous 
spirit. These substances, from this operation, are denomi- 
nated Ferments. 

Istf A certain proportion of water to the matter sus- 
ceptible of fermentation is requisite. If the latter is in 


* Annales de Chimie, tom. xxEvi.^p. 11, 
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large quantity proportioned to the water, the fermenta* 

• tion does not commence easily, nor proceed so quickly ^ 
im the other hand, too large a proportion of water is in- 
jurious, as causing the fermented liquor to pass very 
speedily into the acetous fermentation. The proportion 
'employed by Lavoisier in his experiments on fermenta- 
tion, were four* parts of water to one of saccharine mat- 
ter. 

A certain temperature is not less essential ; it re- 
quires to be at least 50, or rather 55 of Fahrenheit. • At 
a temperature lower than this, fermentation scarcely 
commences, or, if it has* begun, pVoceeds slowly ; and if 
the temperature be reduced to it is entirely check- 
ed. It proceeds still more rapidly when the temperature 
is much above 55% and requires to be checked to pre- 
vent it from passing into the acetous stage. 

Lastly, though sugar is the matter which serves as the 
basis of fermentation, and from which its products are 
formed, the presence of other substances are requisite to 
the process. It has been often stated indeed, that sugar 
alone, dissolved in a certain quantity of water, and placed 
in a certain temperature, will pass into a state of fermen- 
tation. It is doubtful, however, if this happens with a 
solution of pure sugar j and any change which is observ- 
ed> is imperfect and irregular: nor does the liquor be- 
come vinous, but rather sour. 

The substance usually added, where an addition is re- 
quisite to excite fermentation, is Yeast, — the scum which 
is collected on the surface, as well as the sediment formed 
from liquors already in a state of fermentation. This add- 
ed to a solution of pure sugar, causes it to ferment, and 

* to pass into a Vinous liquor. • 
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What, then, is the nature of the matter contained in 
yeast, which thus excites fermentation, when it otherwise • 
would not take place ? This question has often been the 
subject of investigation, and it is only lately that fM>oie 
light has been thrown upon it. 

Lavoisier, in his experiments on fermentation, remark* 
ed, that the matter of yeast is a compound of carbon, hy* 
ilrogen, oxygen, and nitrogen ; and is, therefore, so far 
of an animal nature. From the more recent researches of 

t 

Fabroni, Thenard, and Seguin, it is proved, that it is a sub- 
stance analogous to gluten or albumen which exists in 
yeast, which is derivetf from those vegetable juices or in- 
fusions that without any addition are capable of ferment- 
ing, and which excites the vinous fermentation. 

Fabroni, as the result of his researches on fermoli ration, 
announced, that though saccharine matter is the principle 
necessary to tlie vinous fermentation, it does not ferment 
alone, but only by the aid of another substance capable 
of acting upon it : this substance is the gl^inous or ve- 
geto-animal matter, which exists in the nutritive grains, 
and which, as he stated, is also contained in the grape» 
being deposited from its juice. When the deposition is 
complete, or rather when the glutinotis matter is perfect- 
ly separated by repeated fihrations, the juice does not fer- 
ment, but the sediment mixed with a substance suscepti- 
ble of fermentation, causes it to pass into this state. Hue 
glutinous part of wheat appears, from some of Fabroni’s 
experiments, to be capable of producing either on the 
must of the grape deprived of its sediment, or on an ar- 
tificial mixture, the same effect as the sediment of the 
must, except that the fermentation is more slowly estabii- 
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urI feguires a b%her temperature and the €0^cur* 
mice of tartar; the last, as BerthoHet has 'remarked^ prcK 
^hdaif proving useful from the solubitity communicated by 
iti avid to die gluten. He accordingly found, that a 
mixtuie of sugar and gluten entered into fermentation, 
by adding a little tartar to it. It is this vegeto'-animal 
mniter, according to Fabroni, which principally consti* 
tutea the yeast of wine or beer : and Rouelle long ago 
{atiisdi that the sediment deposited from wines in fermen- 
CMson is of this nature, as it affords much ammonia uiben 
decomposed 

. Thenard bad iikpwise undertaken the investigation of 
diio subject. Since the juices of certain fruits ferment 
very readily without the necessity of any yeast, he direct* 
ed hismtention io these, to discover the principle they 
contained, and which thus promoted the fermentation of 
their saccharine matter. He subjected to experiment 
the juice of the gooseberry, which is very susceptible of 
fennentatio]^ Having pressed it through a linen cloth, 
it stUl remained turbid, and held in suspension a slightly 
^Ittdnous matter, which was separated by filtration and 
washed with water. This substance, added to a solutkm 
4 >{ ^ugar, caused it to pass into the vinous fermentation. 
Yet after having produced this effect, it still remained, 
a^ordihg Io Thenard, insipid, insoluble, in water and in 
alkohol, and no farther altered, except that on being std^ 
jected to destructive distillation, it afforded no trace of 
Itmmonta. It appears to exist in large quantity in the 
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jutc^ of the gooseberry, not only.suspeiiidedj^liat in a state 
of solution ; for when the juice hed been ‘filtered So at • 
to be perfectly clear, on placing it at the proper temped 
raturc it fermented, and during the fermentatiim lodt its 
transparency, and threw down a sediment* This wheroei^ 
amined was found to be glutinous and insipid : throtm tm, 
red*hot fuel it burnt like animal matter : daitilled, it affiitd* 
cd carbonate of ammonia : added to a solution of sugar, it 
caused it to ferment rapidly. It appeared therefore to be 
a sabstance perfectly analogous to the yeast of beer. The 
same subsUmce was found *by this chemist to be deposited 
from the juice of the ‘grape, the cherry, apple, pear, and 
other fruits, during their fermentation, and those which 
'afforded the largest quantity of it were those which run 
most quickly into the vinous fermentation. It if always 
deposited too, as their fermentation proceeds \ and a sedi* 
ment of yeast always appears, according to Thenard, when 
alkohol'is formed. 

To this substance he gave the name of Ferment ; it is 
tasteless, does not change the vegetable colours : by desic* 
cation it loses three-fourths of its weight, fipom the dis- 
sipation of water ; thus, dried, it is still capably of excit- 
ing fehnentation, and may be preserved in this state for 
an indefinite time. It is so little soluble in water, that the 
water, after standing over it for several hours, oti being 
filtered and added to sugar exerts no action upon it. It Is 
decomposed by diluted nitric acid, is converted into a' fatty 
matter, nitrogen and carbonic acid gases being evolved. 

Potassa acts upon it as it does on animal substances, 
» 

forms a kind of soap, and causes an evokstion of ammo- 
nia. In its humid state it is liable to putrefaction per- 
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fectiy similar to that of animal matter, and it affords the 
I aame products when decomposed by heat, the proportion 
of carbon being large.^ From 8 parts, Thenard obtained, 
by destructive distillation, 1.61 of water, 1.31 of oil, and 
1.46 of muriate of ammonia on adding muriatic acid. 
Hie elastic fluid disengaged, amounting to 0.S3, consist* 
ed of carbonic acid, and carburetted hydrogen or carbo- 
nic oxide, and the residuum amounted to 2.83 of char- 
coal 

It is evident that these researches still leave a degree 
of obscurity with regard to this principle, since Thenard 
bas not determined whether it is a peculiar one, or whe- 
ther it is merely vegetable gluten, as Fabroni had sug- 
gested, and as several of its properties appear to indicate. 
There appears every reason to adopt the latter opinion, 
more especially as the analysis by Fourcroy and Vauque- 
lin of the nutritive grains f has shown, that gluten is 
not only contained in wheat, but likewise in barley, a 
grain which is very susceptible of fermentation. 

Seguin has lately affirmed, that albumen, whether ve- 
getable or animal, is the true ferment. As the charac- 
ters, however, of this principle, and the distinction be- 
tween it and gluten, have been always somewhat vague, 
it is not improbable, that Seguin understands merely the 
latter principle. He had discovered it in large quantity in 
those vegetable juices which pass into the vinous fermenta- 
tion without yeast : he affirms, that when they were de- 
prived of it, they became incapable of fermenting, and 

* NichoUon^s Journal, voL vii. p, 33. 
f Annales du Museum National, tom. vii. p, 1, 
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that having atlclecl to saccharine matter this principle, it 
fermented, and yeast was deposited. The respective * 
proportions of albumen and sugar, in the different vege- 
table juices, determine, according to Seguin, the vinous 
or acetous nature of the product of fermentation, the 
product being more spirituous the greater the quantity 
of sugar. He adds, that animal albumoif, as the white 
of an egg, has the same effect. Boerhaave long ago placed 
this substance among the ferments, or substances which 
exede fcrmcntatic'n. According to Fabroni, however, 
.neither the albumen of t:ie egg, the insoluble part of the 
animal hbre, nor glue, has the property of excitii^g fer- 
incr.taiion. 

Vv'liTic\cr, hovrevor, be the nature of thi,s principle, 

It must civist both in the sweet vegetable juices, and in 
tlie infusions of rlic grains that have been subjected to 
malting, s.nce these are capable of passing into the vi- 
nous l^er mentation without the addition of yeast, and even 
deposite it .us the process proceed. s. 

Jt lias been supposed, that no substance passes into the 
vinous fermentation except sugar. The nutritive grains, 
indeed, as barley and others, can be made to aflbrd fer- 
mented liquors ; but they are always subjected to the 
previous oneiatlon of malting, in which the fecula of the 
grain is by the process of germination converted into ‘su- 
gar j and this was held indispensable to render them Sus- 
ceptible of fermentation. The practice, however,' of the 
spirit distillers of this count) y, proves that this is a mis- 
take. They have been accustomed to add to the malted 
grain which they ferment veith the view of obtaining a 
spirituous Ji(juor, a certain proportion of grain which has 

C c 



402 


VINOUS FERMENTATION. 


not been malted, but merely mashed^ or ground to pow- 
der and infused in warm water j and the proportion of 
this has even been gradually so much increased, as to ex- 
ceed considerably that of the malted grain. The infusion 
obtained from this mixture of raw and melted grain is, 
by the addition of yeast, made to ferment easily, and af- 
fords a liquor pungent and spirituous. 

The practicability of thus fermenting from unmalted 
grain, and the practice itself, though scarcely taken notice 
of by chemists, appears to have been known in this coun- 
try for a considerable time. It is mentioned by Dr Ir- 
vine, in an essay on fermentation road before a literary 
society in Glasgow in 1785. He observes, that not only 
is saccharine matter susceptible of fermentation, but the 
farinaceous and mucilaginous parts of vegetabh s also have 
'a share in producing this effect. In their pure state, they 
can neither be changed into wine nor vinegar ; but, when 
mixed with a little sweet matter, they all fennenj toge- 
ther, and may either change wholly into wine, or wholly 
into vinegar, according to the proportion of sweet matter 
mixed with them : if the quantity of sweet matter be very 
great, the farinaceous parts are entirely changed into the 
same wine with the sweet part : if the quantity of saccha- 
rine matter is very small, the whole becomes vinegar, arid 
has little appearance of ever having been in the vinous 
state. Thus, a quantity of meal from wheat, barley, or 
oats, whose greatest part is farinaceous, when mixed with 
water, becomes by fermentation a little acid, but seems 
never to acquire any of the properties of wine. If the 
same meal be mixed with a quantity of sugar, or any other 
sweet matter, it then falls into the vinous state, and the 
quantity of spirit produced ia much greater than tlie sweet. 
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matter alone would have furnished. He then remarks, 
that the farinaceoub substance of seeds is converted into 
sweet matter by germination, and that many have sup- 
posed, that the powers of vegetation only can produce 
this change, “ Certainly, however,” continues he, “ the 
powers of vegetable life are no way concerned, or neces- 
sary to it. It is not during the growth ortly of the seed 
that this cliaiige can be effected; but a quantity of the 
sweet matter produced by the growth of the seed, mixed 
witlr a cju.mliiy el tlie same seed ground into pow'der, and 
the whole mixed with a proper quantity of water, will all 
become swot*!, and lalf afterwards into the vinous fer- 
mentation, ajiti be changed into spirits in the same man- 
ner as if the whole had been previously altered by the* ve- 
getation of tlie tncd. Were it not for this property of 
the farina, great loss would frequently be sustained by the 
farmers in unfavourable seasons ; grain that has once be- 
gun U) and whose vegetation has been stopped, can 

never be made to grow again. Such grain never can un- 
dergo atiy farther malting : wdicn grain has been made to 
grow in this improper manner, it can hardly be supposed 
that tlic change into saccharine matter is perfect or com- 
plete. It therefore would be less proper for the viiibus 
fermentation, and w^ould furnish a smaller quantity of 
spirit tlum grain which had been perfectly malted. This 
grain, however, wdten mixed with a quantity of perfect 
malt, and fermented, furnishes as^nuch spirit as if the 
whole had been in the state of malt. The persons in tlua 
trade even prefer ir to an equal quantity of malt ; for in 
good seasons, when no such half malted or half spoiled 
grain can be got, they take good grain, reduce it to meal,. 

Cc2 
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and mix it with their malt, and arc satisfied that they ob-^ 
tain more spirits in this way than from an equal quantity 
of good malt 

That fecula alone, or at least mixed with no more sac- 
^charine matter than what is contained in the grain, may 
be made to ferment, is established by the late experiments 
of Fourcroy awd Vauquelin. Six jwuiids of iimnaltcd 
bruised barley being treated with alkohol, furnished one 
ounce two drachms of pure sugar; the same quantify of 
malted barley, treated in the same manner, having afK>rd- 
ed four ounces five dracPims. Twenty- four pouiuls of 
the flour of the unmalted barley, ‘having, been put into a 
vat with seven times its weight of warm water, and four 
pounds of yeast, entered into strong fermentation imme- 
diately, which continued seven days. liquor at the 

end of that time submitted" to distillation gave a weak spi- 
rituous liquor, W'hich by rectification afforded alkohol. The 
. quantity amounted to twenty- thiec ounces. Now Lavoi- 
sier had established, that 100 parts of sugar give 58 of 
alkohol ; and as the 24 lbs. of unmalted bailey contained 
only 5 ounces of sugar, it follows, that four times more 
alkohol had been formed than that sugar could have fur- 
nished ; that of course a large quantity of it lud been 
formed from the fecula in the gTAin. 

Twenty-four pounds of malted barlc'y bruised having 
been fermented, under the sanae circumstances as in the^ 
preceding experimcift, presented the same phenomena, 
the proportion of alkohol being three times greater than 
could have been formed from the sugar In this barley f. 


* Irvine*8 Chemical Essays, p. ^118. 
f Annalea du Museum National, tom. yii. 
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As fccula consists of the same principles as sugar, dif- 
fering only in the proportions, it is not difiicult to admits * 
•that it may be brought into fermentation, and may afford 
ultimately the same products as saccharine matter, though 
.it is aljo possible, perhaps, that even in the process now 
described, the fccula may proceed rapidly through the in- 
termediate state of sugar, in passing int6*the vinous fer- 
mcntat:on ; and it would appear actually to do so, if the 
ohservation of Dr Irvine be correct, that when the flour 
of unmaltcd grain is mixed with a quantity that has been 
malted, the wliolc, mixed with water, becomes sweet. 

Our knowledge of the series of chemical changes which 
constitute vinous fermentation, is still imperfect. Some 
essenllal facts connected wnth it were established by La- 
voi^ici•, and a theory given, which, however, more recent 
invcstigatiom'i have proved cannot be admitted as altoge- 
ther just. 

The properties of the fermented liquor, its odour, pun- 
gency, and intoxicating quality, arc owing to the presence • 
of a peculiar substance, which can be separated from it 
by distillation, and winch, in a pure state, possesses these 
qualities in a much higher degree. It constitutes, in the 
state of dilution in which it is obtained by diitillation, 
vinous spirit, or, as obtained from different fermented li- 
quors, from which it derives some peculiarities of taste 
and flavour, the spirituous liquors of commerce. These, 
by certain processes, afford this principle perfectly pure, 
and ilie same from ail of them : in this pure state, it is 
the spirit of wnne of the older chemists, the alkohol of 
the nioilern nomenclature. 

C c S 
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To ascertain with more accuracy the changes which 
happen during fermentation, Lavoisier, instead of operat- 
ing on any of the sweet vegetable juices, the exact analy- 
sis of which is difficult, dissolved a certain quantity of 
pure sugar in water, and made the solution to ferment, 
by the addition of a quantity of yeast. lie had previous- 
ly sought to defermino the composition of sugar, and found 
it to be a compound of carbon, hydrogen, and oxygen ; 
he found, that during fermentation, no portion of the wa- 
ter of the fermenting liquid undergoes decomposition } nor 
is the presence of the air necessary to the prcccss. Since the 
products are the carbonic acid g*.s which is di;sciigaged, 
and the alkohol which is contained in the fermented li- 
quor, it follows from these deductions, that these must 
be entirely derived from the decomposition of the saccha- 
rine matter ; that in fermentation, thorefuro, part of the 
oxygen and carbon of the sugar combine and form car- 
bonic acid ; and that its remaining elements, its hydrogen, 
with the remaining oxygen and carbon, form the alkohol. 
This is accordingly the view he gives of the vinous fer- 
mentation. ** Its effects on sugar arc reduced to tlic mere 
separation of its elements into two ponlons ; one part is 
oxygenated at the cxpence of the other, so as to form car- 
bonic acid,, while the other part being disoxygenated in 
favour of the former, is converted into the combustible 
substance called Alkohol 

It follows from Lavoisier’s experiments, that 100 parts 
of sugar require about of yeast, deducting the water 
which is foreign to it ; that it produces a little more than 


* Elements ot Chemistry, p. 1 96 , 
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35 parts of carbonic aciu, and that nearly 58 parts of al- 
kohol are obtained by distillation^ about 2 parts of acetic, 
acid arid 4 of extract remaining. 

Independent of objections which may be made to the 
details of this theory, from the uncertainty of the com- 
position of the substances concerned, so far at least as re- 
lates to the proportions of their elements,; and independ- 
ent likewise of the slight correction that must be made, 
from the fact now established, that fecula, as well as su- 
gary is capable of fermentation, — an error was committed 
by Lavoisier, wiiich aftectS the general tlieory, from not 
attending suflicieiitly tt> the operation of the ferment or 
yeast. This he regarded as serving merely to excite the 
fermentation, and as remaining the same at its termina- 
tion as at its commencement ; but be did not explain in 
what manner it produced this CiFect, and it is possible, 
that its operation may depend on some of its principles 
entering into combination with those of tlic fermenting 
substance. 

Fabroni has supposed that the ferment operates in ex- 
citing fermentation, by its carbon attracting part of the oxy- 
gon of the sugar, forming the carbonic acid, which is dis- 
engaged ; while the remaining sugar thus partially de-oxi- 
dlzctij' enters into combination with its hydrogen and ni- 
trogen, and forms what properly constitutes the vinous or 
fermented liquor, or gives to it at least its pungency and 
intoxicating quality. Neither of them, therefore, he al- 
leges, is to be found in the liquor after fermentation, if 
this has been complete. Of this theory, however, of the 
mode of action of tlie ferment, no proofs are advanced, 

Cc4 
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least none are stated in the abstract of Fabroni's opinion 
^ given by Fourcroy 

Thenard has given a view somewhat similar, though 
not, perhaps, precisely so, and has endeavoured to support 
it by experiment. He mixed together a quantity of fer- 
ment with five times its weight of sugar, and ndd'ed wa- 
ter : fermentattpn commenced, and, in four or five days, 
all the saccharine matter had disappeared : a quantity of 
carbonic acid gas was, as usual, disengaged in the progress 
. of the fermentation, and the liquor, on distillation, alVu>ded 
diluted alkohol. The residue of the liquor, after the distil- 
lation, was evaporated to dryness, and a substance obtained, 
nauseous, slightly acid, and feebly attracting the moisture 
of the air. The nature of the acid could nut be deter- 
mined, but, according to Lavoisier, it is the acetous which 
Is obtained in such an experiment. Lastly, of the ferment 
there still remained two-thirds of a substance, whicli, as 
Thenard stares, he was surprised to find afibrded much 
less ammonia by distillation than ilic original fcrmtnr. 
From this fact, which appeared to indicate that part of its 
nitrogen had been abstracted, he concluded, that by mix- 
ing it anew with sugar, fermentation wt>uld take place, 
and all the nitrogen would disappear. This accordinglv 
happened ; at the end of seven days, the liquor being fil- 
tered, a residuum was obtained, which gave no trace of 
ammonia. _ 

It appearing from these experiments, that the nitrogen 
of the ferment disappears during fermentation, Thenard 
supposed, that it might be carried olT by the carbonic acid 


** AniKilcs de CbiiT)ic> tom. xxxi. p. 299, 
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gas ; but, on collecting this, no nitrogen gas was found to 
be mixed with it. Since it is not contained, therefore, • 
either in the gas which escapes, or in the residuum, it 
must have entered into the composition of the fermented 
liquor. Y et Thcnatd could not discover it in the alkohol, 
the essential product of the fermentation, when he sub- « 
jected it to various modes of analysis with this view. He 
concludes, however, tliat it must exist in it •, and these 
experiments lead to the view he has given of the action 
of -^he ferment in exciting fermentation. He supposes, 
that all the carbonic acid disengaged does not, as Lavoi- 
sier had concluded, proceed from the decomposition of 
the sugar : the first portions of it he supposes to be form- 
ed from a combination of the carbon of the ferment with 
tlie oxygen of the sugar; and the ferment excites fer- 
mentation, by abstracting from the sugar a portion of this 
principle ; the equilibrium of its principles being broken, 
gives rise to their combination in a different manner, so 
as to form carbonic acid and alkohol ; even a part of the 
hydrogen of the ferment, he supposes, attracts a portion 
of the oxygen of tlic sugar ; and its nitrogen probably en- 
ters, with the remaining elements of the sugar, into the 
conaposltion of the alkohol. 'ihc other principles of 
the ferment not expended in these combinations, form, he 


supposes, the small quantity of acetous acid, and the in- 
soluble matter which is pr||ipitated. In confirmation of 
these views, he farther states, that ferment has a strong 
attraction to oxygen ; that it absorbs it from the atmo- 


sphere, or in its pure elastic state, and forms carbonic and 


acetic acids, the nitrogen being disengaged 


* Nicliolsorfs Joitrnal, vol, vii, p.^rO, 
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Seguin has given a very difFerent view of the theory of 
c fermentation. He supposes, that in this process water is 
decomposed ; that its oxygen unites with the carbon of 
the ferment, and produces carbonic acid ; while its hydro- 
gen combines with the sugar, and converts it into alko- 
« hoi The objection to this theory, as Thenard has re- 
marked, is, that by fermentation more alkohol ought to 
be obtained than there was sugar ; whereas little more 
than half its weight is produced. And besides, the car- 
bon of the ferment cannot be supposed to furiiiah alhthc 
carbonic acid that is disengaged ; nor docs alkohol con- 
tain so large a proportion of cxygdn as sugar. 

It is obvious, that the facts arc not yet sulTicicntly as- 
certained to admit of any certain conclusions being drawn, 
much less of a perfect theory being delivered, since, amid 
tl^e obscurity which still prevails, various suppositions, h 
priori f perhaps equally probable, might be formed as to 
the reciprocal actions of substances, the elements of which 
;ire so much disposed to mutual combinations, as those 
concerned in fermentation 5 and the subject must still re- 
main to be elucidated by farther research. 

By the process of fermentation, a number of liquors 
arc formed, all possessed of certain powers, particularly 
of an intoxicating quality, but differing very considerably 
from each other in their strength as vinous liquors, their 
taste, flavour, and other cjylities, — differences owing 
partly to the circumstances under which the fermentation, 
has been conducted, but more to the original substances 
from which tliey have been formed, 'i'hcy may be ar- 
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ranged under two divisions, considerably different from 
each other, — into what are strictly named Wines, ‘formed , 
by fermentation from the sweet juices of fruits, and into 
the various kinds of Ale or Beer, formed by the same 
process from the nutritive grains, subjected more or less 
to the previous process of germination or malting. 

Of the A\'inos, those afforded by the juice of the grape 
claim pre-eminence. It is highly saccharine, without 
much acid, or matter liable to afford acid ; its flavour is 
agri&cable, and it contains, at the same time, the principle 
necessary to excite fermentation. Hence it passes readi- 
ly into that st Jtc, and ’affords a rich vinous liquor. Nu- 
merous varieties of these wines are formed from the grape 
modified by climate, soil, and culture, in consequence of 
wliicli it is more or less saccharine, and intermixed with 
other principles from which it derives flavour and other 
qualities. The product is scarcely less influenced by the 
manner in which the fennentation is conducted ^ whether 
it has been rapid or slow, whether the air has been freely 
admitted, and the gas allowed as freely to escape, or the 
reverse ; or whether it has been checked before it has 
been completed, iicncc the distinction of sweet wines, 
or those still containing a portion of saccharine matter ; of 
strong and spirituous wines, in which a rich juice has been 
completely fermented, so as to furnish a large proportion 
of alkohol ; of sparkling in which a quantity of 

carbonic acid is^retained by the manner in which the fer- 
mentation has been conducteil, or by its having been put 
into battles before this has been complete ; and rough 
or astringent wines, in which some astringent matter ori- 
ginallv contained in the fruit is retained. Wines too dif- 
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fer greatly in their flavour, which is derived from the gTape> 
i and is much liable to be modified by soil and climate, and 
which in the different wines is still more varied by the 
mixture of different varieties of grapes. The colour of 
wines is derived, not from the juice of the grape, but 

I 

from the external pellicle : • hence colourless wines are 
prepared from the red grape, by expressing the juice care- 
fully, and allowing none of the husks to remain mixed 
with it i while, by an opposite practice, or by even ma- 
cerating the juice, while fermenting, on the husks, colour 
will be communicated. All wines contain too a portion 
of super-tartrate of potassa derived from the juice; this 
they deposite slowly, in the gradual fermentation they suf- 
fer in the cask ; and to this, as well as to the other changes 
produced by this slow fermentation, is owing the improve- 
ment of wine from age. 

Wines are also formed from other fruits, as from the • 
currant, apple, pear, &c. The juices of the currant, goose- 
berry,^&c. contain too large a proportion of acid, and 
too little saccharine matter, to furnish wine equal to that 
from the grape, but are improved by adding to the juice, 
before fermentation, a portion of sugar. Cyder, from the 
juice of the apple, and perry from that of the pear, retain 
a considerable quantity of the acid of the fruit, and when 
well prepared, a large quantity of carbonic acid, which' 
communicates to them pungency and a sparkling quality. 
There also remains in these liquors a person of extractive 
matter or mucilage, which renders them more liable tq 
pass into the acetous fermentation. 

The other kinds of fermented liquors, are those formed 
and other grains, forming the different varie- 
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ties of ale and beer. In the preparation of these, the fc- 
cula and mucilage of the grain requires to be altered by • 
the process of malting ; both to afford, by the production 
of saccharine matter, a liquor more easily fermented and 
stronger, and to render them less liable to pass into the 
acetous fermentation. The grain is steeped in water for 
50 or 60 hours, by which the husk is softened, and a por- 
tion is imbibed by its substance. The water is run off, 
and the moistened grain is spread out on the floor of a 
chaftr.ber, being collected to the depth of 10 or 12 inches, 
to prevent it from becoming dry: the light too is in 'a 
great measure excluded. It begins to germinate, absorbs 
oxygen, and gives out carbonic acid : in consequence of 
this cl'.emical action the temperature rises j and to pre- 
vent it from rising too high, ns well as to render the pro- 
cess as uniform as possible through the whole grain, it is 
turned up, and is gradually spread into a thinner heap. 
The germ, in the course of this operation, unfolds, and 
the plumula gradually elongates, forming what th^brew- 
ers call the Acrospirc. The progress of the process is 
known by the extent of this elongation, which is permit- 
ted to go on for a longer or shorter time according to the 
quality of tlic grain, and the kind of fermented liquor 
that is to be formed. When the plumula is about equal 
to the length of the secd^the fecula is supposed to he 
most completely converted into saccharine matter. When 
it is to be chocked, the grain is dried gradually bythe heat 
of a kilrf, which is raised gradually, and which for differ- 
ent purposes is raised to diflTercnt degrees. The whole of 
these operations constitutes the process of malting ; w»hich 
is obviously nothing more than germination artificially 
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excited, with the view of converting the fccula into sac* 
« charine matter, and the theory of which has already been 
fully considered (page 61, &c.). 

The grain, after having been malted, is freed from the 
small projecting shoots, and is ground to coarse powder 

c 

in a mill, or crushed between rollers. This is infused in 
warm water in the mashing tun : the temperature at 
which this is to be used is considered as of importance, 
since, if not sufticiently high, the saccharine matter is not 
properly extracted, while if it be too high, the farina*be- 
comes pulpy ; the temperature at which the water is ge- 
nerally used is between 160^ and‘l70''. The first por- 
tion of water, after a few hours maceration, is drawn off, 
and a fresh quantity added. These ru|uors form the wort : 
this, previous to its fermentation, is boiled with a quan- 
tity of some bitter vegetable, generally hops, but frequent- 
ly also other bitter herbs; the advantage of which, besides 
the flavour and taste which it communicates, is supposed to 
beta^^ck the tendency of the liquor to accscency. When 
the temperature has subsided, a portion of yeast is added, 
by which fermentation is sooner excited ; this, after it has 
continued a certain time, is checked before it is perfectly 
complete, at least when the object is to prepare a ferment- 
ed liquor for drink, and the liquor is drawn oil*. In this 
manner are formed the diff)?r(|pt kinds of beer, ale, and 
porter ; the process being varied with regard to each of 
these, and different additions being made besides the malt- 
ed grain. They are of course weaker than wines, and 
are in general more liable to become flat and acescent, 
from this circumstance, as well as from the portion of 
mucilaginous and extractive matter which they contain ; 
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but they are still possessed of the same general, qualities, 
agree in the effects^ they produce on the animal system, • 
and afford a portion of alkohol by distillation. Their nar- 
cotic power is often, perhaps generally, increased by the 
addition of certain substances, and is greater, therefore, 
than is proportioned to their strength ns vinous liquors ; 
and it is somewhat modified perhaps, by the bitter matter 
which tlie stronger kinds of them contain. 

When grain is fermented to afford a wort which is to 

# 

be shbjcctod to distillation with the view of affording a 
spirituous liquor, part of it^ it has already been remarked, 
is always used raw or*unmalt('il. The fermentation toc> 
is conducted rapidly,* and is carrievl at once to the full ex- 
tent, so as to obtain the largest produce of alkohol from 
the matter convertible into it. 

From fermented liquors, spirituous liquors are obtain- 
ed by distillation ; all consisting principally of alkohol in 
a diluted state, but varying in their strength and flavour, 
as obtained from different substances. Brandy, the purest 
perhaps of these spirituous liquors, is obtained by distil- 
lation from wine : Rum, from the fermented juice of the 
sugar cane ; and from the different grains, wlwt is nam- 
ed Malt Spirit is formed. In this country, to prepare the 
last of these, the liquor fermenied from the mixture of 
malted and unmaltcd grain iftubjocted to distillation, and 
the weak liquor which is obtained, is rendered stronger 
and purer by distilling it a second time# The peculiar fla- 
vour of the*se difl’erent spirituous liquors, depends proba- 
bly on a small portion of essential oil, derived from the 
vegetable matter from which they have been originally 
prepared, and not altogether changed by the fermenta- 
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ttonj or perhaps from combinations established in the 
course of the processes from which they have originated. 

The art of obtaining, by distillation, spirituous from 
fermented liquors, was unknown to the ancients. It is said 
to have been discovered by the Arabians, and was prac- 
tised during the dark ages. The method even of rectify- 
ing these, so as to obtain alkohol, was known to some of 
the earlier alchemists. 

It was generally supposed, that the alkohol produced by 
distillation from fermented liquors pre-existed in tRcni, 
and being very volatile was merely separateil by the heat. 
Fabroni, however, advanced the opinion, which indeed 
had been before suggested, that it is formed from the prin- 
ciples of the fermented liquor during the distillation ; and 
supported this by the result of experiments, in whicli, if 
alkohol be added to wine, it can be discovered, while by 
the same method alkohol cannot be detected in unmixed 
wine. The manner of making the experiment by which 
this is established, is to take fresh wine with which one 
hundredth part of alkohol has been mixed, and to add to 
this as much potash as is found by a previous experiment 
to be necessary to precipitate the resinous colouring re- 
sidue. It is then strained and put into a glass tube gra- 
duated into 100 equal parts, and as much potash is added 
as it can dissolve. The hundredth of alkohol which had 
teen added, will then be seen to rise, and swim distinct- 
ly on the surface of the alkaline solution, and will be of 
the same degree of strength, and in the same^ proportion 
that had been added, if the experiment is performed suffi- 
ciently quickly to lose nothing by evaporation. Now if 
fay this means,*' says Fabroni, « I procure only the same 
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quantity of alkohol from the wine that I knew it contain* 
ed before, and no more, it appeats to me, that I have a 
right to conclude that that which I obtain from'the aame 
wine by distillation, did not exist in it before, but that it 
is the operation of distillation which forms it/' He adds^ 
that by the same method he could not discover in. new 
wine any alkohol, though he could obtain from it 20 o^ 
25 parts of brandy in 100, by distillation 

This experiment, however, Is not perhaps perfectly con- 
clusive *, for admitting the accuracy of the result, (though 
it must be considered as father singular, that one hun- 
dredth of alkohol should be capable of being separated 
again from a liquor in which it is dissolved, and that 
without any loss), it is perhaps possible that the alkohol 
formed<luring the fermentation may be in more intimate 
combination with the principles of the wine, which will 
impede its separation, than a portion of alkohol newly add- 
ed and immediately operated on will be. Chaptal has well 
remarked, in reference to this question, that a similar phe- 
nomenon is to be observed when alkohol is mixed with 
w'atcr : this diluted alkohol has not the same taste with 
distilled spirit of the same strength, in which probably the 
combination is more intimate ; and we know, indeed, that 
tlie increase of density from such a mixture, does not at 
once attain its maximum ; ptbving, therefore, that the 
combination is not at once complete. It may be added, 
that it is not very probable that at a temperature so mode- 
rate as that at which the spirit distils off, new combinations 


r Annales dc Cliimie, tom. xxxi. p. 303. 
Nicholsoa^s Journal, 4to, vol. iv. p. 46. 
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shouM be established from which it would be formed : nor 
* is this heat greater perhaps^ than that which a mixture of 
alkohol vfith water, of the same strength, would require 
to cause it to boil. And the fact, that the alkohol has the 
powers of the fermented liquor, and has them in a much 
higher degree than that liquor has, favours the conclusion, 
that it exists in It, and communicates to it these qualities. 
Nor is there any force in the argument which has been 
advanced against this opinion, that by mixing the product 
of the distillation of a fermented li(|iior with the residuum, 
we do not re-produce it ; since it is obvious, that the high 
^ temperature which prevails, especially towards the end of 
the distillation, might have sa altered the combinations 
as to render thU impracticable. It appears, on the whole, 
most probable, that alkohol pre-exists in wine and other 
fermented liquors, but probably not insulated, but com- 
bined, as Chaptal has observed with the colouring and 
extractive matter, and all the other constituent principles 
of the wine \ so that when, by the application of heat, 
the combination is weakened, these principles arc separat- 
ed, nnd the most volatile rises first, forming alkohol, which, 
as the distillation proceeds, becomes more and more di- 
luted with water. 

Yet 80 nearly do these opinions approximate, that 
even this, it appears, maybe understood as implying that 
the alkohol is actually formed ; at least it is in this sense 
that the opinion of Chaptal has been considered by Ber- 
thollet, an|l adopted by him. It appears to me,” says 
he, that alkohol has not at first an insulated existence 


^ Philosophical Magazine, vol. xi* p. 131. 
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in wine, although a little may be found in generous old 
wines, but that, laying aside the tartar and the other acids^ 
this liquor must be considered as an uniform compound, 
in which, according to the opinion of Chaptal, the pro- 
perties of hyilrogen are predominant : heat disposes this 
elastic principle to separate, but its elasticity being ba- 
lanced by the affinity which retains it in Combination, a 
division of the elements takes place in the ratio of these 
two forces, and a liquid passes in distillation, in which the 
propefties of the hydrogen have become much more pre- 
dominant, while the other principles of greater fixity re- 
main and form the extract : a second distillation of the 
spirituous liquor separates the water, which was only re- 
tained with the alkohol by a weak afHnity The argu- 
ments, however, wliich I have already stated, and parti- 
cularly the observation, that wine possesses the same 
power as alkohol in acting on the living system, appears 
to me to render more probable the conclusion, that the al- 
kohol exists fully formed in the wine ; for this similarity 
of* power could scarcely be expected, were its elements 
only contained in the wine in other combinations. 

Chaptal, in his analysis of wines, found f , that the alko- 
hol they afforded varied much in quantity ; some rich 
wines furnished a third uf spirit, while some weak wines 
did not give more than a fifteenth. He found, besides the 
alkohol, a portion of acid always present, — all wines red- 
dening test paper : it appeared from his experiments, to 
he the mafic acid, with a small ponioh of the citric : it is 

* Chemical Statics, vol. ii. p. 426. 

•| Philosophical Magazine, vol. xi. p. 128. S68. 
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fOmUined in larger quantity in the wines from othef fruit^f 
^8 cyder ; and predominates in the fermented liquors from 
grain. He supposes, with some probability, that it is in 
a great measure the cause of the disagreeable flavour the 
Spirit distilled from them has, compared with that distilled 
from wine : this spirit, at its first distillation, he found al- 
ways acidulous. The richer wine is in spirit, the less mal- 
ic acid does it contain ; and hence the richest wines fur- 
nish the most agreeable and purest spirit. Wines also al- 
ways contain a portion of tartar, derived from the grape, 
and which they slowly deposite. They hold dissolved too, 
a quantity of extractive matter, derived from the same 
source, and which is more abundant in new than in old 
wines. To these principles is to be added, the colouring 
matter derived from the pellicle of the grape, and dissolv- 
ed by the alkoliol, as the fermentation proceeds. This is 
often slowly deposited, and may at once be precipitated 
by adding lime, which combines with the malic acid, and 
at the same time attracts the colouring matter. This pre- 
cipitate is insoluble in water, either cold or warm, and al- 
kohol likewise has scarcely any effect on it. Lastly, there 
is the aroma of wine, or principle which gives it its pecu- 
liar flavour, and which is so delicate as to be destroyed 
instead of being separated by heat. 

From the spirituous liquors of commerce, Alkohol 
may be obtained } and having considered the production 
of this principle, it is now necessary to attend to the pro- 
perties it exhibits in its pure and insulated state. 

The process for obtaining it in this state, varies some- 
what according to the kind of spirituous liquor from which 
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h is extracted. The purer kinds, as brandy, may afford 
it merely by repeated distillations, a portion of the water 
re'maining at each distillation in the retort, with any small 
quantity of other matter contained in the spirit •, the alko* 
hoi passes over less and less diluted, and may thus ati 
length be obtained pure, or at least can be obtained id 
such a state by adding, in the latter distillations, a little 
potash to abstract the water more completely. When 
it is tojbe obtained, however, from malt spirit, which it 
always is in this country, the process is rather more com* 
plicated. 

The spirit is first distilled, to free it from the greater 
part of the water mixed with it, and the nauseous oily, 
or extractive matter derived from the grain. The alkohol 
passes over, still however containing a little of (his, and 
also a portion of water. There is now added to it sub^ 
carbonate of potassa, in the proportion of an ounce to 
1 lb. of spirit ; the sub-carbonate having been dried per* 
fectly, and indeed raised nearly to a red heat, and added 
before it is quite cold. It attracts much of the water, 
and forms a solution of greater specific gravity than the 
purer spirit, which, therefore, subsides to the bottom. 
The spirit is poured of, and is distilled from a little of the 
same alkaline carbonate, (about half the quantity before 
employed,) with a gentle heat, stopping the distillation 
before it come to dryness. 

The spirit thus obtained, though very strong, has adis- 
agrAable flavour, derived from the alkali. To free it 
from this, and to obtain it still more pure, it is subjected 
to another distillation, with the addition of a sihall quan- 
tity of common alum, about one draclim to the pound 5 

D d 3 



4.22 


VINOUS FERMENTATION. 


the acid of which attracts the small quantity of alkali k 
had held in solution: and in this distillation a little re- 
cently prepared charcoal powder is frequently added, to 
remove more completely any unpleasant flavour, 

Alkohol obtained by such a process, is of a^ specific 
gravity of about 0.855, and is sufficiently well adapted 
for the uses to which it is applied in pharmacy, as well as 
for many chemical purposes. It still has a portion of wa- 
ter, however, combined with it, which may be abstracted 
by repeated distillations from substances having a strong 
affinity to water. Potassa, either pure or in the state of 
sub-carbonate, and muriate of lime, are those generally 
employed. With pure potassa tlie alkohol may be so far 
epneentrated, as to be of the specific gravity of 0.S15 ; 
and Dr Fordyce furnished a quantity used in the first ex- 
periments of Gilpin, at .815. By using muriate of lime, 
it may be obtained still lighter. Dr Black brought it to 
800 : in the tables of Chaussier, it is stated at the tem- 
perature of 60° at -798 ; and Low it z succeeded in ob- 
taining it at the temperature of 68° at .791. This is the 
lowest specific gravity at whicli it has been procured, and 
therefore the purest alkohol, though it is still uncertain 
if even at this strength it is perfectly free from water ; 
nor indeed have we any method of determining when it 
would be so. 

The strength of alkohol is best judged of from its spe- 
cific gravity. It combines with 'w’ater in every propor- 
tion, and undergoes no change in its properties, favther 
than a change in its density. The specific gravity of the 
alkohol is always increased by the addition of the water, 
not only from the greater specific gravity of the latter 
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fluid, but likewise from the accrued density in conse- 
quence of the chemical combination. From this last cir- 
cumstance, the specific gravities of such mixtures cannot 
be determined a priori from knowing what portions of al- 
kohol and of water are mixed together, but must be de- 
termined by actual experiment. This is a subject of much 
■importance, from its relation to the strength of the spi- 
rituous liquors of commerce ; and it has, accordingly, 
from time to time engaged the attention of many che- 
mists*. The labours of Blagden and Gilpin have been 
most extensive, and the results tlicy have established per- 
haps the most accurate* Their first report on the best 
methed of proportioning the excise on spirituous liquors 
was pabiisiiCvi in the Pliiiosopliical Transactions for 17J)0, 
in which the specific gravities, from standard alkohol, 
through the several mixtures of it with water in different 
proportions, down to equal parts, were given ; the expe- 
riments having been executed by Mr Gilpin, and the re- 
port drawn up by Dr Blagden. In a supplementary re- 
port in the Tran^actions for 1792, the specific gravities 
of the mixtures in v/hich the proportions of water arc 
larger were given, together witJi those formerly given and 
again repealed. And in the volume for 1791*, a set of 
tables were published, showing the specific gravity of 
every mixture of alkohol and water, from 1 00 of alkohol 
to 1 of water, and 100 of water to 1 of alkohol, at the 
various temperatures from 30° to 80°, with additional 
columns, expressing their volumes, the diminution they 
suffer from the combination, the quantity of spirit per cent. 
and the decimal multiplier by which the quantity by mea- 
sure of stand.ird spirit in the corresponding mixture may 
D di4< • 
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be ascertained. It was difficult to determine what consti* 
tttted pure alkohol, as» although it had been taken at the 
least speci&c gravity at which it could be procure d| it was 
possible, that methods might afterwards be discovered of 
obtaining it at a specific gravity still lower, as has indeed 
actually happened. It was therefore as well to fix on it 
of a certain strength as a standard ; and as it can always 
be obtained without difficulty of the specific gravity of .825, 
this was taken as the standard, the temperature being 
60® of Fahrenheit. This standard alkohol consists, accord- 
ing to Mr Gilpin’s experiments, of 4*. 5 of water, and 100 
of alkohol of the specific gravity of .814*. The following 
abridged table, formed by Mr Nicholson * from the more 
extensive tables, shows the specific gravities of the differ- 
ent mixtures of standard alkohol of the specific gravity 
of .825 at 60®, with the different proportions of water, for 
every five degrees of temperature between 30 and 80. In 
the supplementary report, the temperatures were carried 
even to 100, but those above 80 were omitted in the last 
tables, probably as being of little utility, and as being un- 
avoidably liable to inaccuracy, from the volatility of the 
spirit. I have therefore likewise omitted them. 


* Chemical Dictionary. 
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The specific gravity of the mixtures of alkohol and 
water is best determined by the hydrometer or gravime-, 
ter, of which there are different kinds in use. That of 
Fahrenheit, improved by Nicholson and Guyton, is pro- 
bably to be preferred, as the most accurate and delicate 
The other methods that have been employed to judge of 
the strength of spirituous liquors, as well as of pure al- 
kohol, are inaccurate. 

Alkohol is colourless, and perfectly transparent. Its 
od&ur is fragrant, and its taste hot and pungent. It acts 
powerfully on the animU system, exciting exhilaration 
and intoxication. 

It is always fluid, not congealing even at the lowest 
cold that has been obtained by artificial methods : it is 
highly expansible, and is also very volatile. It evaporates 
quickly, when exposed to the atmosphere : it distils over 
in close vessels slowly at 100°, and boils at 165°. In this 
volatilization, it suffers no change but of form, being con- 
densed in its original state. IF suddenly exposed, however, 
to a high temperature, it is dcconiposed, new combinations 
being established among its elements. Thus, when trans- 
mitted through an ignited tube, it is converted into one 
or other of the varieties of oxy-carburetted hydrogen gas, 
according to the temperature, as has been already remark- 
ed, (vol. ii. p. 383. 390.). Watery vapour and carbonic 
acid gas are at the same time formed. 

Alkohol is highly inflammable. It kindles when the 
temperature is not much above 300°, when in contact 
with atmospheric air, and burns with a blue lambent 
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flame^ without any sensible smoke, and, when pure, with* 
<out leaving any residuum. It afforded, therefore, to the 
older chemists the best example of a substance' being en* 
tirely consumed by combustion. Yet some of them, 
as Boerhaave, observed, that a quantity of water may be 
condensed from burning alkohol ; and with this, there is 
also formed a quantity of carbonic acid gas. The quan* 
. tity of water was found by Lavoisier to amount to about 
eighteen from sixteen parts of alkohol. 

By performing the combustion in vessels adapted to 
collect the products, Lavoisier endeavoured to infer from 
this experiment its composition Of a quantity of al- 
lohol kindled in a lamp, there were burnt 93.5 grains, 
and»in the combustion of this quantity, 110.32 grains of 
oxygen were consumed : there was produced, carbonic 
acid gas to the amount of 95.28 grains and a quantity 
of water was condensed, which Lavoisier calculated to 
amount to 108.54 grains. From these results, he inferred 
the composition of alkohol ; for, knowing the composition 
of carbonic acid gas, it was easy to determine, from the 
quantity of it formed in the experiment, what portion of 
the oxygen consumed had been spent in its formation, by 
combining with the carbon of the alkohol *, the remaining 
quantity of oxygen had of course gone to the formation 
of water, by combining with the hydrogen of the alko- 
hol j and what water appeared over this, Lavoisier suppos- 
ed to have pre-existed in the alkohol, as essential to its 
composition. On these grounds, he concluded, that aU 
kohol consists of 28.5 of carbon, 7.8 of hydrogen, and 


* Mcmoircs de I’Acad. des Sciences, 1784, p. 598, 
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63.5 of water. But allowing the accuracy of the resultSji 
which Lavoisier himself regarded only as approximationsi^ 
it is obviousi that the inference) that the large quantity of 
water formed in the combustion above that which could 
have been derived from the quantity of oxygen consuined) 
pre-existed in the alkoliol) by no means follows, since it 
might have been rather the elements of this water, or, in 
other words, the alkohol might contain a portion of oxy- 
gen, which would contribute, with the oxygen of the air 
consumed, to tlie formation of the water and carbonic 
acid i and this inference is even more probable, than that 
so large a quantity of water should exist in alkohol ready 
formed, combined merely with carbon and hydrogen. 
Alkohol is probably a ternary compound of these two ele- 
ments with oxygen. It would be in vain, however, to at- 
tempt, from Lavoisier’s experiments, to assign the propor- 
tions of these, in the uncertainty which at present exists 
with regard to the proportions of the elements of carbonic 
acid, and in our ignorance of what is really pure alkohol. 
The existence of oxygen in its composition may also be 
inferred, from the products afforded when it is decom- 
posed, by being transmitted through an ignited tube. 

Alkohol is capable of combining with w'ater in every 
proportion. Though, in this case, no new properties are 
acquired, yet it is a real chemical combination, as is evi- 
dent from the condensation which always accompanies it. 
In whatever proportion the two liquors arc mixed toge- 
ther, the specific gravity of the compound is never the 
mean of the specific gravities of the separate fluids, but is 
always greater. Thus, if one part of alkohol, whose spe- 
cific gravity is IT, be mixed with one part of water whose ^ 
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specific gravity is 1000, the specific gravity of the com- 
jwund will not be the mean of their respective gravities, 
908.5, but will be not less than 934 ; and a diilcrcnce will 
likewise obtain in whatever proportions the fluids are mix- 
ed. This difference proceeds in a decreasing ratio ^ that 
is to say, when ten parts of alkohol are mixed witK one 
of water, the di^crence in the specific gravity which is 
produced is greater than when the ten parts are mixed 
with two, and greater in this, again, than when mixed 
with three. The progression, however, is not reguYtr ; 
and hence, the specific gravity of any possible mixture of 
alhohol and water cannot be calculated a priori^ but must 
be determined by actual experiment, as has been already 
remarked. 

The greater density which the combination of alkohol 
with water acquires, is accompanied with a diminution in 
the capacity for caloric, as has been ascertained by actual 
experiment \ and hence, a rise of temperature always ac- 
companies their union. In the mixture of pure alkohol 
with water, this is so considerable as to be perceptible to 
the hand. Their union is also accompanied with a hiss- 
ing noise, and the formation of air bubbles. When alko- 
hol is diluted with an equal weight of water, it forms 
what is named Proof Spirit. 

In consequence of its affinity to water, alkohol is capa- 
ble of precipitating many of the neutral salts from their 
aqueous solutions. There arc others, again, which it does 
' not precipitate, owing to the affinity it exerts towards them, 
^ and which, even in its pure state, it is capable of dissolv- 
"nng, particularly those which are deliquescent, which have 
ammonia, lime, or magnesia for th^ir base \ or the nitric 
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or muriatic acid, for their acid. From both of these 
properties, alkohol is a very useful rc-agent in the ^ 

sis of mineral waters, and under the consideration of that 
subject, will be more fully taken notice of. It has alrea- 
dy been remaiked, that many of these saline substances 
give a peculiar tinge to the flame of alkohol in burning. 

Alkohol combines with the alkalis. It dissolves po- 
tassa and soda in their pure state \ and from this proper- 
ty, as has been already remarked, it is employed in their 
preparation, and enables us to obtain them free from foreign 
substances. It appears to suffer a decomposition from 
tlie alkali, probably from part of its carbon and oxygen 
being combined by the resulting affinity the alkali exerts, 
so as to form carbonic acid ; for the solution acquires a 
deep brown colour ; and according to Pelletier carbonate 
of potassa is formed, and the alkohol at length disap-, 
pears Ammonia may likewise be combined with alko-^ 
hoi by distillation. Of the earths, stroniltes, and perhaps 
barytes, are dissolved by it. 

The acids combine with alkohol, and some of them de- 
compose it ; but as a particular order of compounds re- 
sults from these actions, they will be better considered af- 
ter the history of alkohol. 

Alkohol unites with sulphur, but to effect the combina- 
tion it is requisite that the sulphur should be presented to 
it in the state of vapour. In this way their combination 
was effected by Lauraguais f . According to Favre, how- 
ever, if alkohol be highly rectified or freed from water, 
it dissolves sulphur merely by applying heat, though less ^ 
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iban suiTiclcnt to cause the alkohol to boil. By digesting 
3 ^ ounce of dkohol with two drachms of sulphur, he 
iound from IS to 23 grains to be dissolved, according to 
the heat applied The compound of sulphur and alkohol 
formed by the process of Lauraguais, is a liquid of a red-^ 
dish colour and foetid smell, resembling that of sulphu- 
retted hydrogen : it becomes turbid on cooling, and sul- 
phur is precipitated from it by the addition of water, 
llie proportion of sulphur it contains is about a sixtieth. 

Phosphorus is dissolved by alkohol : the solution is ren- 
dered turbid, and |lie phosphorus precipitated on the af- 
1 fusion of water. When the liquor is poured on water, a 
tremulous but vivid light is perceived, when the experi- 
ment is made in the dark. 

Alkohol does not dissolve carbon, nor docs it combine 
with hydrogen. It absorbs, as has been already remark- 
ed, nitric and nitrous oxides. It exerts no action on the 
metals even when they arc oxidized, but it dissolves a 
Dumber of the metallic salts. 

Alkohol is the solvent of a number of the vegetable 
proximate principles, as sugar, re&in, extract, camphor, 
essential oil, and several of the acids. These combina- 
tions give rise to various compounds. With essential oils 
are formed the odoriferous essences and the distilled spi- 
rits. These are commonly formed by distillation. A 
quantity of proof spirit is poured on any aromatic frag- 
rant vegetable : a moderate heat is applied : the alkohol 
of the proof spirit dissolves the essential oil, anddistiIsovcr« 
What are thus formed are. named Distilled Spirits, in con- 
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tradistinction to Distilled Waters, prepared by distilling 
water from the plant. As the essential oils are readily soti • 
luble in alkohol, the spirit may be easily impregnated 
with them by agitation. 

Camphor dissolved in alkohol forms a compound, which 
is used in medicine as a stimulant. 

Resins dissolved in alkohol, as 1 have idready remark- 
ed, form Varnibhes. Balsams dissolve in it entirely, gum- 
resins partially. 

Ailtohol, frem its power of dissolving these principles, 
is able to extract the active matter of many vegetables ; 
and when diluted with an equal part of water, so as to 
form proof spirit, Its solvent power is still more extensive. 
Both in its pure and diluted state, it is therefore frequent- 
ly used in pharmacy to dissolve the active principles of 
many vegetable products, and thus to separate them from 
the ligneous fibre or other inert matter with which they 
may be mixed. Solutions of this kind are named Tinc- 
tures or Elixirs. that are prepared with pure al- 

kohol are decomposed by water, the resinous matter 
being precipitated ; those with proof spirit, are in 'gene- 
ral miscible without decomposition. 


The action of the more powerful acids on alkohol, it 
has been remarked, is peculiar, and gives rise to an order 
of compounds of some importance from their peculiar 
properties. These, as produced by the difierent acids, 
vary somewhat in their qualities : they also agree, how- 
ever, in the possession of certain general properties 5 they 
. E.C 
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are highly volatile} odorouS} pungent, and inflammablcjr 
miscible with water, and capable ofcombii%g with alho- 
hoi in every proportion. Thc^se compounds arc named 
ETHERS ; the specific name of each being derived from 
the acid, from the action of which on alkohol it has ori- 

r 

ginated, as the sulphuric, nitric, muriatic, or acetic ether. 

-^Sulphuric" ETHER is of these compounds the one 
which has been longest known. The following is the 
process by which it is prepared. 

Upon a quantity of alkohol in a retort, (selecte3‘ thin 
at the bottom, so as to be capable of bearing a sudden 
heat), is poured an equal weight of sulphuric acid. The 
acid is added in a full stream, so that from its greater spe- 
cific gravity it falls at once to the bottom of the retort 
it is then mixed with the alkohol above by frequent and 
moderate agitation. From this mixture the alkohol ac- 
quires a brownish colour; vapours having a fragrant odour 
are disengaged; and the temperature rises to about 180 of 
Fahrenheit. When the mixture of the acid and alkohol 
is complete, the retort is to be immediately placed in a 
sand bath, and connected with two larjge receivers, which 
are kept cpol,'by water or ice. Heat is to be immediate- 
ly applied to the retort. The liquor boils when the tem- 
perature is raised to 208, the ether being formed at that 
temperature, and distilling over : the condensation of it 
is to be promoted by keeping the receivers cool with wa- 
ter, and the distillation is to be continued till about half 
the quantity of the alkohol employed has distilled over, or 
until the neck of the retort becomes obscured with white 
fumes, which condense into a matter of apparently an oily^ 
consistence. 

The liquDr which distils over into the receiver Is the 
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sulphuric ether. If, to the residual liquor in the retort, 
there be added half the quantity of alkohol employed in* 
the first distillation, on applying heat, a new production 
of ether will take place ; and this may be repeated for sf* 
I'cral ymes. 

Towards the end of the distillation, a portion of sul- 
phurous acid is formed and disengaged,* with which the 
ether is so far impregnated, that Us fragrance is injured, 
and its odour rendered pungent and acrid. A portion of 
water likewise distils over, by which it is diluted. The 
liquor in the retort, at the end of the distillation, is also 
found diluted w^ith a portion of water : it is, however, 
thick, and of a black colour, froiti a quantity of carbona- 
ceous matter suspended in it. 

From the water and sulphurous acid the ether is freed, 
by subjecting it to a second distillation with a very gentle 
heat applied by a water-bath, pure potassa being previous- 
ly added to it, in the proportion of two drachms to each 
pound } this attracts the sulphurous acid, and renders 
even the water rather less volatile. Another method of 
rectification, proposed by Pelletier *, and revived by 
Diae f , which I have found to succeed extremely well, is 
to distil the ether of the first distillation from a little black 
oxide of manganese, the oxygen of which combines with 
the sulphurous acid, converting it into sulphuric ; and 
this, with the water, remains in the retort. Even after 
either of these processes, the ether may still contain a 
portion of alkohol, which usually passes over in the first 
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Stage of the distillation. This is best abstracted by agita<« 
tion with water, which imbibes the alkohol, and a little 
of the ether : the greater part of the ether floats above, 
may be drawn oflF, and, by distilling it with a very gentle 
heat, is obtained extremely pure. , 

A degree of obscurity still prevails witli regard to the 
theory of the formation of sulphuric ether ; different views 
having been entertained of the agency of the acid on the 

alkohol. The explanation that was generally given, after 

•* 

the establishment of the theory of Lavoisier, was found- 
ed on the supposition, that the acid acts principally by 
comznunicating oxygen. Alkohol consists of carbon and 
hydrogen, with a portioti of oxygen : when mixed with 
sulphuric acid, and exposed to heat, it was supposed that 
part of the acid suffered decomposition, its oxygen being 
attracted by the hydrogen of the alkohol, and forming wa^ 
ter : the balance of attractions between the principles of 
the alkohol being thus broken, part of its carbon is preci- 
pitated, and is diffused through* the liquor, rendering it 
thick and dark coloured ^ and the remaining quantities of 
its elements, its carbon, hydrogen, and oxygen, unite and 
form the ether. 

This explanation is founded on the supposition, that 
the sulphuric acid is decomposed in the process by which 
ether is formed. But a few years ago it was affirmed by 
Fourcroy and Vauquelin, from a series of experiments 
which they undertook to elucidate this subject, that such 
a decomposition of the acid is not at all necessary to its 
formation that although it may take place to a certain 
extent towards the end of the process when the liquor is 
loaded with carbon, there is no indication of it in the first 
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istagej during whicbi principally! the ether is formed ; no 
sulphurous acid gas is discharged, and if the process be^ 
stopt at the end of this stage, the remaining acid, they 
found, is capable of saturating the same quantity of alka- 
li, as before its mixture with the alkohol 
• ^ 

These chemists gave, therefore, a different view of this 
subject, which they applied even to the action of tliis acid 
on vegetable matter in general. They suppose, that the 
^ sulphuric acid suffers no decomposition, and that k acts 
no i^thcr part th<in causing, by the exertion of a disposing 
ailinity, the decomposition of the alkohol. By this affinity 
it disposes part of the 'hydrogen and of the ojfyg^n of the 
alkohol to combine and form water : the balance of at- 
tractions being thus subverted, a quantity of carbon is se- 
parated, and the remaining carbon, hydrogen, and oxygen, 
combine and form the ether'. 

This theory, however, advanced by these chemists, is 
not perhaps perfectly established. Though they affirm, 
that the acid remaining after the formation of ether, sa- 
turates as much alkali as it would do previous to its mix- 
ture with the alkohol, the experiment by which this is 
supposed to be established, is not altogether without fal- 
lacy; During the formation of ether, there is always also 
a formation from the elements of the alkohol, of some of 
the vegetable acids, particularly of the acetous and oxalic. 
The oxalic, it has been acertained by the observation of 
Cadet, Is formed copiously even without heat, merely by 
allowing the mixture of acid and alkohol to remain at rest 
ior some time. These will contribute to the saturation 
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of the alkali ; so that if none of the sulphuric acid were 
edecomposed, more alkali ought in reality to be saturated 
by it after^ than before its mixture with the alkohol. 

There are also some facts which appear to prove the 
necessity of the presence of some substance that can part 
with its oxygen, for the production of ether. Thus, ether 
cannot be formed from the muriatip acid, but it can with 
facility from the oxymuriatic : it is likewise formed with 
great rapidity by the nitric acid \ neither of which can 
exert a strong disposing ailinity to water, though ^ooth 
very readily part with their oxygen. 

From these facts it is evident, that it is at least still 
doubtful but that the decomposition of the acid, and its 
affording oxygen, is necessary for the formation of ether. 
The quantity of sulphurous acid that may be produced 
from this decomposition, may be retained by the ether, as 
it is capable of combining with it ; may enter into com- 
bination with its elements ; or what is most probable, may 
be regained by the sulphuric acid. 

Laudet and Dabit published some experiments’*^ in op- 
position to the theory of Vauquelln, in which it appeared 
to be proved, that ether is formed when alkohol and black 
oxide of manganese are mixed and exposed to the proper 
Heat, a very small quantity of sulphuric acid (as an ounce 
to a pound of alkohol) being added, merely to favour their 
action ; and that muriatic acid heated with alkohol, gave 
no ether ; while, if black oxide of manganese were added, 
an ether was formed : whence they inferred, that the com- 
tnunication of oxygen is necessary to the formation of 
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etto. In opposition to these, Fourcroy and Vauquelin 
affirmed, that the hquors thus formed clifFered from ether ^ 
in their constitution and properties*: but admitting this, 
they appear to approach to it ; and the facts above stated 
still remain unfavourable to the theory of these chemists. 

Whatever opinion, however, may be formed as to the 
manner in which the changes that take place during the 
formation of ether are produced, the nature of the changes 
themselves seems sufficiently well ascertained. It is prov- 
ed, that a quantity of, the hydrogen of the alkohol is ex- 
pended in the formation of water, as the remaining acid 
is always in a diluted State : a still larger quantity of car- 
bon is also separated, and is mechanically diffused through 
the liquor. The ether, therefore, which is the only other 
product of the operation, is to be considered as a com- 
pound of hydrogen and carbon, and perhaps oxygen } dif- 
fering from alkohol in containing a much larger quantity 
of hydrogen proportioned to its carbon ; and* to this pre- ' 
dominance of hydrogen its great levity and volatility are 
owing. This conclusion is confirmed, by its analysis by 
combustion, the products of which arc water and carbonic 
acid ; the former being derived from the combination of 
its hydrogen with the oxygen of the air, the latter from 
the same combination of its carbon. Mr Cruickshank 
found, that the vapour of ether requires about seven times 
its volume of oxygen to saturate it in combqstion j the 
products being water and carbonic acid gas, the latter 
Amounting to 4.6 parts by measure. From this result, 
compared with a similar experiment on alkohol, he infer- 
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red, that the proportion of carbon to hydrogen in the ether, 
c is as 5 to 1 nearly, while in alkohol it is as 8 or 9 to 1 ** 

Besides ether, there arc some other products formed 
during the action of sulphuric acid upon alkohol. To- 
wards the etid of the process an oily-like matter distils 
over, which has been named Sweet Oil of Wine/ This 
can be obtained, separate, by changing the receiver : it is 
unctuous, thick, and less volatile than the ether, but is 
soluble both in it and in alkohol. It is obtained likewise 
by distilling sulphuric ether from a,*fresh quantity of •acid. 
Chemists are not agreed respecting its nature : Fourcroy 
and Vauquelin consider it as similar to etlier, and that it 
differs from that fluid principally in containing a larger 
proportion of carbon, which gives to it more density and 
less volatility. Other chemists, particularly Higgins, have 
affirmed, that it is a compound of ether and sulphurous 
acid, and that by the addition of an alkali which combines 
with the acid, a quantity of ether may be obtained from 
it. It does not appear, however, that this combination 
can be formed directly, or that ether can combine with a 
large quantity of sulphurous acid, so as to assume the pro- 
perties of oil of wine ; and though this substance may 
contain a portion of this acid, it is not improbable that it 
also differs from ether in its ultimate composition. 

At the same time that the oil of wine is disengaged, 
there is formed a quantity of olefiant gas, which passes 
off.^ It was in this process indeed, that the production of 
this gas was first observed i and the action of sulphuric 
acid on alkohol still affords us the best method of obtain- 
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Ing it pure. The same gas is produced, by passing the 
vapour of ether through an ignited earthen tube ; but • 
when a glass tube is used, a different variety of carburet- 
ted hydrogen is obtained, as has been already stated, 
(vol. ii. p. 390). 

At this stage of the process the liquor becomes so load- 
ed with carbon, and at the same time is capable of bear- 
ing so high a temperature, that if the heat is kept up, the 
sulphuric acid is decomposed, and a large quantity of 
sulphureous acid gas and carbonic acid is produced. If 
the greatest care is not taken to keep the heat moderate,, 
the w'hole liquor is nfit to swell suddenly up, and boil 
over into the receiver. If examined at this timei it is like- 
wise found to contain a portion of acetic and oxalic a- 
cids mixed with the sulphuric acid, which is diluted with 
water, and through which the carbon is diffused. 

It remains to take notice, of the properties of Sulphuric 
Ether. 

When highly rectified, it is the lightest of all known li- 
quids. It is obtained without difficulty of the specific 
gravity of .732, and by careful distillation has been 
brought so low as .716. It is colourless and perfectly 
transparent ; has a strong pungent taste, and a fragrant 
penetrating smell. 

It is likewise the most volatile liquid. It evaporates 
rapidly even at the common temperature, and under the 
common pressure of the atmosphere ; so that it cannot 
be poured from one vessel into another without loss, and 
any part wet with it immediately becomes dry. In vacuo 
it boils at a temperature considerably below 32^ : under 
the atmospheric pressure it boils at 98. In the sponta- 
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iteous evaporation of ether, a large quantity of caloric is 

• absorbed, so as to produce cold : water inclosed in a small 
tube may be easilyfrozen, by ether evaporating from a piece 
of muslin wrapt round the external surface of the tube ; 
and Dr Higgins has observed, that in the rapid evapora- 
tion of ether, the temperature in frosty weather falls so 
low as— 40. Ether congeals at —47* 

from this volatility of ether it almost immediately en- 
larges the volume of any elastic fluid into which it is 
dropt } the volume at a common natural temperSture 
being doubled according to the observation of Priestley, 
Vrho also observed, that the ethefial vapour in this case 
could not be condensed by cold, but was absorbed by wa- 
ter. 

m 

* f ther is highly inflammable, and, when kindled, burns 
with a clear white flame, widiout any smoke, and without 
leaving any residuum, the products of its combustion be- 
ing water and carbonic acid : the residual water general- 
ly gives indications, too, of sulphuric acid, which may ei- 
ther be adventitious, or perhaps is essential to the consti- 
tution of this species of ether. From its high inflamma- 
bility, its vapour diffused in the atmosphere sometimes 
takes fire ; or if a drop or two .of ether be added to atmo- 
spheric air or oxygen gas, an explosion happens, on the 
contact of an ignited body. Mr Cruickshank found, that 
by agitating a little oxygen gas with sulphuric ether, the 
volume was exactly doubled : in this state, it did not ex,- 
plode ; but when one part of it was added to three part^ 
of oxygen, « an ignited body, or the el^tric spark, then 
produces a dreadful explosion It is also kindled by 
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liyper-oxymurlatlc acid gas. Mr Cruickshank relates a 
striking experiment from this combustion. If a bottle of , 
the capacity of three or four pints be filled with this gas, 
taking care to expel the water completely, and there be 
thrown into it about a drachm of ether, covering the 
mouth of thehottle immediately with a piece of paper, ia 
a few seconds, a white vapour is 'perceived moving cir- 
cularly in the vessel, which is soon followed by an explo- 
sion, accompanied with flame. A considerable quantity 
of carbon is at the same time deposited. 

Sulphuric ether is soluble in water, but only in a limit- 
ed proportion. When highly rectified, it requires ten 
parts of water for its solution ; and this is a property by 
which we are enabled to determine its purity, as, if more 
soluble, it contains either water or alkohol. It is soluble* 
in alkohol in every proportion. 

Sulphuric ether exerts no sensible action on the fixed 
alkalis or earths. It unites with ammonia by distillation. 

Neither does it act 'on the metals ; but it is capable of 
decomposing the saline combinations of those that have 
a weak affinity to oxygen, by attracting that principle. 
Thus, muriate of gold dissolved in it is gradually decom- 
posed, and the gold precipitated in its metallic form. 

On the simple inflammables, its action is somewhat si- 
milar to that of alkohol. It dissolves sulphur, as Favre " 
has shown, one ounce of ether dissolving about twenty- 
five grains : the solution has a strong sulphurous smell 
and taste : it is less soluble in water than pure ether, and 
deposites sulphur as the ether volatilizes Ether likewise 
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dissolves a small propoition of phosphortis : this solutioui 
« like the phosphuretted alkohol, is decomposed by water, 
but does not| like it, appear luminous during the decom- 
position. 

Sulphuric ether is a solvent of many of the vegetable 
proximate principles, as the essential oils, camphor and 
resins. It is also, as has already been remarked, the most 
powerful solvent of caoutchouc. 

In medicine, it is employed as a diffusible stimulant. 

• ft 

Nitric Ether. The action of nitric acid on alkohol 
is so violent, that the formation of nitric ether is extreme- 
ly difficult, and requires considerable precaution. One 
part of the acid may be added gradually to three parts of 
^alkohol without any risk; and after standing for some 
days, to allow of their reciprocal action, heat may be ap* 
plied, when a portion of nitric ether that has been form- 
ed distils over, with a quantity of unchanged alkohol. A 
preparation of this kind has been long known in phar- 
macy, under the name of Sweet Spirit of Nitre. But 
when the proportion of acid is increased, the action be- 
comes very violent ; a quantity of aerial fluid is suddenly 
formed, and disengaged at each addition ; and it requires 
particular arrangements to admit of so much acid being 
added as is sufficient to convert the whole of the alkohol 
into ether. 

The method proposed by Navier is, to put into a strong 
earthen-ware bottle twelve parts of allUhol, and immerse 
it in water or ice ; eight parts of nitrous acid are to be 
added in successive portions, mixing them by agitation at 
each addition ; the bottle is well corked, and tied over, 
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and is put in a t^ol place. At the end of sis days, the 
cork is to be perforated, to allow a quantity- of aerial fluid • 
that has been formed, and is retained by compression, to 
escape. The bottle is then uncorked, the liquid poured 
into a funnel, and the acid liquor beneath allowed to run 
off from the ether which swims above. 

An ingenious method, somewhat similAr, but less ha- 
zardous, wa's employed by Dr Black.* He first poured 
into a strong flint-glass bottle six ounces of alkohol ; then, 
by a funnel, the tube of which reached to the boxtom of 
the bottle, he poured in two ounces of water gently, so 
that it did not mix .with the alkohol, but raised it above 
it i and, lastly, he poured in four ounces of nitrous acid 
in the same manner, so that the small column of water was 
interposed between it and the alkohol. The phial was set ^ 
aside for some time in a cool place : the water attracted 
the alkohol at the one surface, the acid at the other, and 
thus brought them very gradually together, so as to admit 
of their reciprocal action without violence. At the end 
of a few months they were completely mixed, and nitric 
ether formed, which floated above, was withdrawn, and 
rectified by distillation. 

Various other methods have been employed. The 
process of Woulfe consists in connecting a high-necked 
tubulated retort or matrass with a large globular recei- 
ver, which is connected by a tube with a range of tubu- 
lated bottles, in which water or alkohol is put ; eight 
ounces of alkohol^re poured into the retort, and six oun- 
ces of nitrous acid are added in successive portions. At 
each addition, after a certain quantity of die acid has been 
added, there is a disengagement of gas. At the end of 
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the operation a quantity of nitric ethei^^ound to have 
been formed and volatilized by the heat produced by the 
mutual action of the acid and alkohol : it is collected m 
the globular receiver^ or in a bottle connected with it| is 
removed, and may be rectified by mixing it with^ water, 
and afterwards distilling it. The alkohol in the receivers 
contains a portfon of it also, and rnay be employed in a 
repetition of the process ; and the residual liquor in the 
retort contains also alkohol impregnated with ether. 
Woulfe afterwards modified his process, by using alkohol, 
nitre and sulphuric acid, four* pounds of nitre being put 
into the retort, and a mixture of 4 lbs of sulphuric acid, 
and S lbs. 5 ounces of alkohol being added to it, in 
quantities not exceeding two ounces at a time, and only 
after the disengagement of elastic fluid from the previous 
addition has ceased. Pelletier has observed, that after re* 
Ideating all the processes known to him for the prepara- 
tion of nitric ether, he found this to succeed best i nor 
could he discover in the product of it the most minute 
portion of sulphuric acid 

The theory of the formation of nitric ether is as ob- 
scure as that of sulphuric ether. It is ascertained, how- 
ever, that even from the commencement of the process the 
acid is decomposed *, nitric oxide gas is disengaged ; and 
Pelletier found even that in following the process of 
Woulfe, the decomposition was complete, nitric acid not 
being discoverable, either in the liquor which passed over, 
or in the residuum. 

This appears, too, very clearly from some experiments 


* Mcmoircs de Chimie, tom. i. p. 99. 
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by Bayeii. HlHbcertained what quantity of carbonate of 
potassa was necessary to saturate a certain quantity of ni-* • 
trie acid ; one ounce required 282 grains. He then digested 
one part of acid with two of alkohol, for five weekS| and at 
the end of this time he found the liquor was not capable 
of saturating half the quantity, that the acid previous to 
its mixture would havp done ; three ounocs of it contain- 
ing one ounce of acid, saturating only 134 grains of the 
carbbnate, so that even without the application of heat^ 
much of the acid had been decomposed. He then repeat- 
ed the experiment, applying beat, and after distillation 
mixing the product and residual liquor together, and 
found that three t)unces of it saturated only 82 grains. 
And as a quantity of oxalic acid is formed in the process, 
it is probable that it principally had produced this effect; 
.^0 that in this case the whole of the nitric acid had suf- 
fered decomposition *. 

It is also proved, that in the formation of nitric ether, 
the alkohol suflers decomposition, as in the residual li- 
quor oxalic and acetic acids are formed. There is no de- 
position, however, of carbonaceous matter, as there is in 
the formation of sulphuric ether, the residual liquor being 
quite transpareiK, and of a light colour. ’ It appears to 
follow, therefore, frono these facts, that in the formation of 
nitric ether, part of the elements of the alkohol combine 
with oxygen from the nitric acid, and form oxalif and 
acetic acids *, carbonic acid gas too, is formed and disen- 
gaged, as Filletin' found, in considerable quantity, and 
much of the nitric acid mixed with nitric oxide and ni- 


* Op u ides Cliimiqiie, tom. i. p. 384. 
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ttogen gases *. It is difficult, howevet^P^ determine in 
« what manner these facts are to be combined, so as^to give 
with precision the theory of the formation of nitric ether : 
nor is it very apparent, whether any of the elements of 
the nitric acid enter into*its composition, or whether they 
are entirely disengaged during the process. It might be 
supposed, that i^ must contain more carbon than sulphuric 
ether, hs none is deposited during its formation ; but we 
are not certain what quantity is carried off in the stsfte of 
carbonic acid. 

Nitric ether has some resemblance in its properties to 
sulphuric ether. Like it, it is iiglit and volatile, and has 
been said, when highly rectified, to have these qualities 
even in a higher degree than sulphuric ether. It is also 
inflammable, burns with an enlarged flame, and is said to 
doposite more charcoal. It is soluble in water and in aU 
kohol. Its odour is strong, though scarcely so agreeable 
as that of sulphuric ether In the state, however, of what 
has been named Dulcified Spirit of Nitre, it is more frag- 
rant. Its colour is usually yellow but this, as well, 
probably, as some of its other qualities, appears rather to 
be owing to the presence of nitric acid, surcharged, per- 
haps, with nitric oxide. Thus, when kept, it continues 
to emit an elastic fluid, and tinges the cork of the phial 
yellow or re^* and Deyeux found, that when one part of 
it is |iixed with sixteen parts of water in a bottle with a 
tube, the nitric gas which it contains is separated from it 
by a spontaneous effervescence : after/' this, it ceases to 
emit gas on keeping. Another proof of the presence of 
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nitric acid or 'flic ia.it is, that when kept a long time^ 
crystals of oxalic acid are formed gnd deposited . Deyeux 
found, that it is rendered colourless by distilling it from 
the alkalis, or from sugar, which appears to be oxidized 
by this^ distillation *. It is only as thus rectified that it 
can be regarded as pure ; but in this state its properties 
have scarcely been examined. 

The residuum of nitric ether is transparent, of a yellow 
colour ; its smell, as Fourcroy has remarked, is aromatic, 
and its taste acid and pungent. When distilled, it affords 
a fragrant acidulous liquor ; and what remains in the rc« 
torf deposites crystals of oxalic acid. ^ 

When equal parts of nitric acid and alkohol are mixed 
together, a strong clFcrvescence soon takes place, and a 
gas is disengaged, which is slowly absorbed by water, ex- 
plodes when mixed with oxygen and kindled, and is de- 
composed by sulpliurlc, nitric, and muriatic acids, which 
disengage from it nitric oxide gas. It has been named 
Nitrous Etherized Gas by the Dutch chemists, who first 
took notice of it, and appears to be a compound of nitric 
ether and nitric oxide gas. 

« 

Muriatic Ether. Chemists always found it imprac- 
ticable to form an ether by the action of muriatic acid on 
alkohol, in whatever state of concentration they used it. By 
using, however, the acid in a state of combination v^ith 
metallic oxides, from which a portion of oxygen might be 
derived, they succeeded more or less completely in form- 
ing a species of muriatic ether, as by the medium of the 


* Annales de Chipiie, tom. xxii. p. 144. 
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ihuriate of antimony, tin, or zinc distilii^ with alkohoK 
I’rior to the discovery qf oxymuriatic acid, the rationale 
of these operations, however, was not understood. No 
sooner had this discovery been made by Scheele, than he 
availed himself of it to attempt the formation of muriatic 
ether, by dlistilling muriatic acid from black oxide of man- 
ganese, receiviifg the gas in. alkohol, and afterwards rec- 
tifying this liquid by d'stiUaiion with a very gentle heat. 

The success of this process, however, Scheele found to 
be imperfect *, and the product approached rather to an 
ml in appearance than a light ether. And Berthollet 
found| that though, by passing a current of oxymuriatic 
acid gas through alkohol, it was absorbed rapidly, and 
passed to the state of muriatic acid, while the alkohol ac-* 
quired an odour of ^ther, which became stronger on a 
repetition of the process ; yet, on repeating it a third and 
fourth time, this odour diminished, and at length was 
nearly entirely lost, the liquor having rather the smell of 
vinegar ; and on distilling it, after a small quantity of 
etherial liquor passed over, there was obtained only a wa- 
tery liquor, which had the odour of burnt sugar ; the re- 
siduum had the sanw odour, and even the taste, of this 
substance very strong, and contained a quantity of acetic 
acid *. This result, it may be remarked, is a singular 
one, as apparently proving the reproduction of sugar from 
alkohol. 

Scheele liad also distilled together muriate of soda,, 
black oxide of manganese, sulphuric acid, and alkohol, 
to produce muriatic ether*} and this process was after- 


* Memoires de I’Acad. des Sciences, 1785, p. 309. 
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wards employed by Pelletier. He introduced into a tu- 
bulated retort a mixture of eight ounces of black oxide of* 
manganese, and a pound and a half of muriate of soda, 
on which was poured a mixture of twelve ounces of sul- 
phuric acid and eight ounces of alkohol. On applyi^ 
heat, a liquor was obtained highly etherial, weighing ten 
ounces, from which, by rectification, fout ounces of ether 
were procured 

I^elletier observed, that, in this rectification, when the 
alkali is added, an effervescence takes place, and an oily 
matter separated in large quantity, which remained float- 
ing on the residual liquor. According to Van Mons, this 
oil is produced by the. action of the oxymuriatic acid on 
the muriatic ether j and from this circumstance, it is 
scarcely possible, he affirms, by the process of Scheele 
and Pelletier, to obtain that ether in any quantity. It at 
first floats on the surface of the waiter $ but, if not soon 
separated, or when submitted to rectification, it is con- 
verted into this oil, which gradually becomes thick, from 
the continued action of the acid. And when ether ap- 
pears to have been formed by the process of Pelletier, he 
supposes that it has been sulphuric ether, somewhat dis- 
guised by intermixture of the other products. 

He therefore proposes the following process to form 
muriatic ether : Place a retort in a sand-bath, and connect 
it with a^lass balloon, and two of Woolfe’s bottles ; put 
into the bottle 100 parts of muriate of soda perfectly 
dry, and into the balloon and bottles the same quantity 
of alkohol. The joinings being luted, 50 parts* of sul- 


* M^moires de Chimie, tom. i. p. 142. 
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phuric acid are to be poured on the salt^ and the opera- 
•tion is left to proceed in the cold for five or six hours. A 
moderate heat is then to be gradually applied. The mu- 
T^tic acid gas passes over, and is condensed by the alko- 
hoi. The M^liole of this liquor is then put into a retort^ 
with 20 parts of oxide of manganese in fine powder ; and 
there is put into \he receiver and but4:les a solution of pure 
potassa. It is distilled with a gentle heat : the muriatic 
ether paltes over, and the re-aetbn of any excess of oxy- 
muriatic acid gas upon it, which would change it to oil, 
is prevented by the alkali. The ether is then to be recti- 
fied, by mixing it with twice its bulk of water, and dis- 
tilling it by a very gentle heat . 

Mr Bossa likewise observed, that, by the usual process 
with oxymuriaiic acid, a muriatic -ether could never be 
formed, but only a heavy oily fluid : And he has affirmed, 
that it may be formed from muriatic acid. His process 
is to pass a cuiTent of muriatic acid gas from 20 ounces 
of perfectly dry muriate of soda, and 10 ounces of sul- 
jfliuric add, gradually mixed, in a retort, through 10 
ounces of highly rectified alkohol, placed in a bottle with 
two necks, kept cool. The alkohol thus charged w^ith 
acid is .distilled to one half: the distilled liquor is to be 
agitated with an alkaline solution, to remove any super- 
fluous acid ; and the liquid which floats above is tlie mu- 
riatic ether f. The result of this process is in opposition 
with the experience of former chemists, who were always 
unable to form an ether with muriatic acid. 


♦ Philosophical Magazine, vol. vii. p. 48. 
t NiclK)lson*8 Journal, vol. v, p. 221. 
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The properties of muriatic ether have not been proper- 
ly described, from the difficulty of obtaining it pure. «It^ 
is said to be light, transparent, and volatile, inflammable, 
emitting, while burning, a pungent odour, and to have a 
styptic taste. 

A process has been given by%oudet for the preparation 
of Phosphoric Ether. He mixed liquid phosphoric acid 
of a*thick consistence and alkoholin equal proportions, in- 
troduced the mixture into a tubulated retort connected 
with a receiver, and with nn Woolfe*s bottle, which was 
filled two-thirds with Ihne- water ; heat was applied, so as 
to cause the mixture to boil ; a portion of unchanged al- 
kohol first distilled over j this was succeeded by a liquor 
having an etherial odour, mixed a little with that of gar- 
lic : it reddened slightly the syrup of violets : when rec- 
tified by distillation, with the addition of carbonate of 
magnesia, the product was colourless, and had an odour 
somewhat similar to that of sulphuric ether : it was vola- * 
tile, and highly inflammable, its combustion not^being ac- 
companied with any smoke. It floated on the surface of 
water, but, by agitation with it, was dissolved. It dissolv- 
ed the volatile oils, and also phosphorus. Its specific gra- 
vity was inferior to that of alkohol, being as 94 to 100. 
After its production, when the heat was much raised, a 
quantity of oily matter was distilled over, and carburetted 
hydrogen was disengaged. The residual liquor was of a 
dark brown colour, and contained a large quantity of phos- 
phoric acid 


* Annales de Chimie, tom. %\. p. 123. 
F/3 




454 


VINOUS FERMENTATION. 


Fluoric Ether has been said to be formed by put- 
fluate of lime, previously ignited and in powder, 
into a retort, with equal weights of alkohol and sulphuric 
acid, and distilling to dryness: The product of this distil- 
lation was again distilled to one half, and a portion of fluor- 
ic acid abstracted from it by a solution of potassa, which, 
at the same time, precipi^ed a portion of silcx, so as to 
render the whole gelatinous. This, on being again dis- 
tilled, afforded an ether of the specific gravity of 0.720, 
• which burnt with a blue flame, and had a bitter tastd. It 
is added, that it greatly resembled sulphuric ether -, and it 
is not improbable, that it may hav^ been merely this ether 
disguised 

Acetic Ether has been known for a considerable 
time to chemists, Lauragais having given in 1759 the pro- 
cess for preparing it, by distilling alkohol, with the con- 
centrated acetic acid that is procured by the decomposition 
of acetate of copper by heat. Scheele, as well as other 
chemists^ have been unable to form it \ but Pelletier has 
observed, that it is procured with certainty, by distilling 
alkohol repeatedly from the acetic, acid. The alkohol at first 
acquires an etherial odour, but is miscible with water ; by 
returning it on the residual liquor, distilling it, and repeat- 
ing this for a third time, this becomes stronger ; the acid 
contained in the liquor thus procured was saturated by the 
addition of carbonate of potassa $ and, by distillation, there 
was procured from it a pure acetic ether, in quantity about 
half of the alkohol employed f • It was soluble in water 


* Nichohon^B Journal, vol. viii, p. 143. 
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in limited quantity, seven measures dissolving three. Ic 
has an agreeable odour, etherial, but in which the smell ^ 
of acetic acid is also perceptible. It is very volatile and 
inflammable : it bums with ^ clear light, and leaves a lit- 
tle charcoal. 

According to Pelletier, acetic ether may likewise be 
formed by distillation, from a mixture of« sulphuric acid, 
acetate of copper, and alkohol ; and, according to La- 
planlrhe, it may be obtained from a mixture of sulphuric 
acid,* alkohol, and acetate of lead. 


To the vinous fermentation probably belongs that kind 
of fermentation which takes place in the raising of bread. 
A small quantity of yeast is mixed with the flour i or, 
without this addition, a quantity of the flour of wheat is 
mixed yriih hot water, allowed to stand for a day or two, 
and is then used as a ferment. A portion of it, or of the 
yeast, is mixed with flour into a soft paste, and is kept in 
a warm place i it swells up, becomes spongy, from the 
extrication of a quantity of air, and, were the fermenta- 
tion allowed to continue, would become sour. A small 
quantity of this leaven, as it is named, is mixed with the 
dough from which the bread is to be baked : a degree 
of fermentation is thus excited, and the gas extricated 
raises the dpugh. It is s|pon checked by the baking ; but 
its effects remain, and give rise to the sponginess, porosi- 
ty, and consequent lightness of well-baked bread. The 
bread fermented with yeast is less liable to become sour 
than where the ferment from flour merely is used. 



♦5$ VINOUS FE&MENTATION. 

Though some chemists have considered this as a pepu- 
liar species, of fermentation* there can be no doubt* that 
it is perfectly analogous to the vinous. Dr Pennington 
had denied this* from finding^ that* on submitting dough 
to the action of yeast for three quarters of an hour, and 
then subjecting it to distillation* it gave merely "water* 
without any spirit. But* as Mr Collier very justly remark- 
ed* this can only prove* that a complete fermentation is 
not necessary to raise bread. It is easy to conceive*' that 
it may proceed a certain length* so as to produce thSt ef- 
fect, by the extrication of carbonic acid* and yet not fully- 
convert the fecula of the flour into'alkohol. And Mr Col- 
lier found* that, on subjecting wort for the same length 
of time to the action of yeast* though it exhibited every 
sign pf fermentation, it gave no spirit by distillation ♦. 
That it is the vinous fermentation which happens in the 
raising of bread from the action of the fe^mc^t on the 
flour, is also sufficiently proved by the fact, that, if not 
checked* it soon runs into the next stage of fermentation, 
the acetous* as is evident from the bread becoming sour* 
and from its peculiar smell in this state. And in suffer- 
ing this change* it consumes* according to Saussure f , a 
portion of the oxygen of the air, in the formation of car- 
bonic acid* whicluis precisely the chemical' action that 
takes place in the accitous fermentation. 

— .-i *4, 

* Manchester Memoirs* vol. v, p, 255. 
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SECT. II. 


OF THE ACETOUS FERMENTATION. 

If liquors wliich have undergone the vinous fermenta-v 
tion be kept at a temperature not much below 60®, and 
with the air not entirely excluded, they gradually suiFer 
another change : they lose their vinous flavour, pungency, 
and intoxicating quality, and become more or less sour. 
Cheipists have considered this as a second stage in the ge- 
neral process of fermentation 5 have named it the Ace- 
tous ; and the product forms Vinegar or Acetic Acid. 

Not only do vinous liquors suffer this change, but every 
substance susceptible of the vinous can likewise pass into 
the acetous fermentation. Hence, sugar dissolved in wa- 
ter, sweet vegetable juices, or infusions of grains that have 
been malted, can be converted into-vinegar. recuki,even 
without the previous process of malting, is equally sus- 
ceptible of it ; for, in the process of starch-making, a 
quantity of vinegar is formed, hot merely from the small 
portion of saccharine matter in the grain, but likewise, 
as Vauquelin, in his analysis of the sour liquors of 
the starch-makers, has remarked, from, the fccula itself 
Even substances which are not at all susceptible of the 
vinous fermentation, it appears to be established, may suf- 
fer the acetous. This is indeed contrary to an opinion 
formerly maintained, which regarded the acetous merely 


* Aiinules de Chimic, tom. xzxviii. p. 261. 
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7a a continuance of the rinous fermentation, and as ne- 
^ cessarily preceded by it. But it often happens where the 
former cannot be traced, and where there is no reason to 
suppose that it ever did exist, as in vegetable juices or in- 
fusions containing much mucilaginous with scarcely any 
saccharine matter, which soon become sour i and the 
sourness which^evea pure mucilage, or absolution of gum 
in water suffers, is probably owing chiefly to the produc- 
tion of acetous acid. 

Nor is pure alkohol, in any state of dilution with* wa- 
ter, capable of undergoing the acetous fermentation : there 
must always be present other vegetable principles,as sugar, 
mucilage or farinaceous matter. Even a certain propor- 
tion of these is requisite. Hence strong wines do not 
become so readily sour as weak or sweet wines \ for the 
same reason wine that has been clarified is less liable to * 
ferment ; and strong wines can be made to pass into the 
acetous fermentation more easily, by adding to them su- 
gar or jnucilage ; and. wheu these highly spirituous wines 
are thus made to ferment, they furnish a much stronger 
vinegar than those which are weak. Even the vegetable 
acids appear to contribute to it, and in the cpnyersion of 
sweet vegetable juices or of wine into vinegar, there is rea- 
son to believe that the malic and tartarip acids they con- 
tain are partly changed and pass into the acetic acid. 

The addition of some substances which act as ferments, 
appears also to be requisite. It is true, tliat wine and 
other fermented liquors will of themselves become sour 
ifi a certain time ; but thfl is probably from their contain- 
ing a portion of matter analogous to ferrhents, and which 
fxcites the change. In preparing vinegar, it is known that 
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A certain quantity of such matter must be added> either a 
portion of the substance which has bee'll deposited from ^ 
a liquor that has previously passed into vinegar} or a 
quantity of yeast ; and there is every reason to believC} 
that it is* vegetable gluten which is the essential principle- 
of these ferments. Fourcroy and Vauquelin accordingly 
found, that when sugar was added to water which had 
stood over the gluten of wheat, it quickly formed vine- 
gar *and Berthollet obtained the same result from a mix- 
ture df gluten and starch This principle Vauquelin re- 
marks contributes to the formation of vinegar in the lU 
quor formed in the manbfacture of starch ; and the matter 
which is contained in common vinegar from malted grain^ 
and which renders it so liable to a kind of putrefaction^ 
is, according to this chemist, vegetable gluten. 

The admission of the atmospheric air is essential to the 
acetous fermentation. Hence wines that are well bot- 
tled may be kept for a long time uninjured, and the more 
free the exposure to the air is they become sooner sour. 
The oxygen of the air is at the same time always absorb- 
ed. According to Saussure, this oxygen is not absorbed 
so as to enter into the composition of the acid, but is ex- 
pended entirely in abstracting carbon, and of course 
forming carbonic acid. In keeping wine in contact with 
oxygen gas for a year in , receivers closed with mercury^ 
he found it converted into vinegar ; but the diminution 
of the volume of the gas never exceeded, but was always 
inferior to the volume of the wine \ and hence, accord- 
ing to the view he gives of the ^experiment, the oxygen 
had combined with carbon so as to form carbdnic acid^ 

— 11 ), -, 1 ^ . - ... 
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which had been absorbed by the liquor. And according* 
ly he found, that when he made the experiment with 
wine previously impregnated with carbonic acid gaS) this 
wine, under the same circumstances, was equally convert-, 
ed into vinegar, but without the volume of the elastic 
fluid above it being changed ; the oxygen consumed being 
replaced by an jequal volume of carbonic acid gas 

A certain degree of temperature is requisite to the a- 
cctous fermentation. It takes place slowly, even below 
60 ; but it proceeds with more rapidity between 60 and 
80 ; and'in^forming vinegar artificially the temperature is 
kept high. ^ If it fall below 50, iCis nearly checked ; and 
hence wines can be longer preserved by being kept below 
this temperature. 

The phenomena which occur in the acetous fermenta- 
tion are somewhat analogous to those in the vinous. 
When it is proceeding rapidly, there is an intestine mo- 
tion^ not accompanied however with such a disengage- 
ment of elastic fluid as in the vinous fermentation ; the 
liquor is turbid, and its temperature rises ; its smell be- 
comes perceptibly acetous. These appearances at length 
subside, and the liquor gradually becomes clear, having 
deposited a kind of glutinous sediment somewhat similar 
to yeast. 

, The theory of the acetous fermentation is not yet com- 
pletely elucidated. Since the strength of the acid which 
is formed from it is proportioned to the quantity of alko- 
hol, or of matter of a composition analogous to alkol^I 
and in general capable Ckf passing into it, and since this 


* Rechercbes CbimiqueB, p. 144. 




ACETOUS FERMENTATION. 


461 


alkohol disappears during the fermentation) Lavoisier sup- 
posed that the theory of the process might be inferred 
from the changes which this principle can be supposed to 
suffer ; and, as he found that during the change oxygen 
is absorbed) while scarcely any sensible quantity of car- 
bonic acid is extricated, he concluded) that the acetous 
fermentation consists jn the oxygen izement of the al- 
kohol. If the experiments of Saussure be admitted as 
correct in proving that as much carbonic acid is formed 
as. corresponds wdth the quantity of oxygen consumed, 
this acid being retained by the liquor, the theory of La- 
voisier would require to be so far modified, as to ascribe 
the change of alkohol into vinegar rather to the abstrac- 
tion of carbon than the fixation of oxygen ; leaving of 
course, however, a larger proportion of the latter princi- 
ple in the composition of the acetic acid. 

This simple view cannot however be received as altoge- 
ther just, since alkohol alone cannot undergo this change, 

. nor can it by oxygenizement be converted into acetic 
acid ; and since the presence of mucilage, saccharine mat- 
ter, or other principles, is always necessary to the acetous 
fermentation, the operation of which is not explained in 
conformity to this theory. Neither does it explain the ac- 
tion of the ferment wliich appears to be nearly equally 
indispensable. It will afterwards appear, that nitrogen 
probably enters into the composition of acetic acid *, and 
the operation of the ferment may be partly that of afford- 
ing this element. 

Vinegar, the product of the acetous fermentation, is 
prepared in different countries from different materials. 
AVhere the grape is cultivated, it is obtained from weal; 
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or spoilt wine. This is kept in a proper temperature with 
• the access of the air, and the fermentation is excited by 
the addition of a quantity of the sediment of vinegar, of 
wifie already sour, or of the lees of such wine. The pro- 
duct is stronger in proportion to the previous strength of 
the wine. In this country it is prepared either from un- 
refined sugar, or from i.ie wort obtained by infusion from 
malted grain ; the fermentation being excited by yeast, 
and being carried on in a wirm apartment. This vinegar 
is in general inferior in strength and purity to that frpm 
wine, and is more liable to become mouldy, or sufrer the 
putrefactive fermentation. This appears to be owing 
chiefly to the presence of glutinous matter , and hence 
the rationale of the method which Scheeiv pointed ov^ as 
the best for preserving vinegar, that of heatinc^ it, and 
bringing it even to boil for a few minutes, the gluti.ious 
matter being separated by a kind coagulation. 

Vinegar, when fully fermented, is clear and limpid, of 
a yellow or reddish colour, having an odour agreeable and 
somewhat pungent, and a taste sour but not disagreeable. 
It differs, however, in its strength and purity as prepared 
frpm different materials. It is always very largely dilu- 
ted, or the acid which is its essential part is combined 
with a large quantity of water j and with fhis arc in solu- 

* k 

tion portions of gluten, mucilage, sugar, and extractive mat- 
' ter, from which it derives colour, and frequently some of 
the vegetable acids, particularly the malic and tartaric. 
It is in this state, as prepared by fermentation, that it is 
Qsed as a condiment* 

The acid which exists in vinegar, is also formed in 
other chemical processes than fermentation. Thus it is 
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produced spontaneously, as has been already remarked, in 
the liquor in which wheat is macerated in the formation • 
of starch : it appears frequently in cases where vegetable 
mStter has beeti acted on by sulphuric, nitric, or oxy- 
muriatic acid, as in the preparation of ether, and in a num** 
ber of analogotis operations ; anti it is produced in the 
decompusiti )u of many vegetable suhstanoes by heat, con- 
stituting vAiA thf '.h( mists formerly named the Empyreu- 
matlc Vegetable Actds. It also exists ready formed in 
the sap of many vegetables, as has been already stated. 

From vinegar it is procured with most facility, and dif- 
ferent processea arc followed to obtain it pure and con- 
centrated. 'riie simplest method of obtaining it pure, 
wca is by distillation. A quantity of common 
vinegar is distilled in a retort with a sand heat, or in a tin 
still with the fuel directly applied. The first portion that 
passes over to the amount of about | of the vinegar. Is 
little more than wuitr, and is therefore rejected : what 
passes next Is '^cid, and forms the distilled vinegar. When 
about h-^ve been distilled, the residual liquor becomes 
so loaded with extractive matter,, and at the same time re- 
quires so high a temperature to keep up its ebullition, 
that wete the distillation continued it would be scorched, 
and the distilled liquor w'ould acquire a very unpleasant 
cmpyreumatic odour. It is therefore stopt. The residual 
liquor, however, is still strongly acid, even more so, in- 
dfied, than what has passed over. If the receiver be chang- 
ed, this strong acid may be distilled, and can be applied 
to some uses ; or by adding to the residual liquor a por- 
tion of water, the distillation may be recommenced, and a 
fluid similar to what has before been collected be obtain- 
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ed.^ At the very end of the operation) when it lias been 
1 carried on without dilution) there remains a liquor of a 
ckep red colour) very empyreumatic, acid) and which on 
Standing deposites supor-tartrate of potassa. The extrac- 
tive matter, when urged with a strong fire, yields the 
usuiil products of vegetable matter, with a portion of am- 
monia. 

Distilled vinegar is limpid and colourless. Its odour 
ts fainter and less pleasant than that of common vinegar ; 
its taste less sour, and its acid powers, as may be inferred 
indeed from what has been said of its preparation, are 
weaker. It is purer, however, and is not liable to decom- 
position on keeping. It is principally used in pharmacy. 

Vinegar can be concentrated by freezing : the congela- 
tion takes place at a temperature below 28®, more or less 
according to its strength, and the congealed part is mere- 
ly ice,Jcaving of course a strtniger acid. If the process be 
performed on distilled vinegar, or conducted in the man- 
net described by Lowitz, a very pure acid is at the same 
time obtained. He freezes a large quantity of vinegar, 
and distils the unfrozen part in a water-bath ; .the distil- 
led vinegar thus procured, is again congealed, and the li- 
quid portion is lastly distilled from a quantity of charcoal 
powder. A highly concentrated acid, of an agreeable 
odour, is thus obtained. If It be exposed to a very in- 
tense cold, equal to — 38®, it shoots into crystals ; when 
the fluid part is withdrawn, the crystals liquefy when the 
temperature rises, and the liquid is limpid as water, ex- 
tremely strong, and has a highly pungent acetous odour. 
This is the pure acid of the vinegar, any foreign matter 
remaining in the uncongealed liquid. Lowitz likewise 
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obtained the acid equally strong, by taking vinegar which 
has been once congealed and then distilled, mixing it with ' 
a large quantity of charcoal powder, and distilling from a 
retort in a water^bath i a weak acid comes over : the re- 
tort is then to be placed in a sand»bath, and urged with a 
strong fire, as long as any fluid distils over quickly ; slop- 
ing it when it begins to distil more slowly, as it is then 
principally water. The distilled acid may then be further 
concentrated by freezing, retaining the crystals, and pour- 
ing off the uncongcaled portion It is singular, that the 
acid concentrated by freezing, acquires an unpleasant 
odour ; from which, however, it may be freed by distil- 
lation from charcoal. 

Other methods are likewise employed, to obtain the 
pure and concentrated acid. Distilled vinegar is combin- 
ed with an alkali or earth ; the neutral salt, obtained by 
evaporation or crystallization, in a solid state, is decom- 
posed by an acid, and the acetic acid is distilled. The 
process of Westendorf, which has been often followed, is 
to saturate soda with distilled vinegar ; obtain the acetate 
by crystallization *, and pour upon it, in a retort, half its 
weight of sulphuric 'acid. By applying heat, the acetic 
acid is distilled over ; and should there be any reason to 
suspect the presence of any sulphuric acid, it may bi? dis- 
tilled a second time from a little acetate of soda. Accord- 
ing to Lowitz, a preferable method, as affording it still 
more concentrated and pure, is to mix three parts of the 
acetate of soda with eight parts of super-sulphate of po- 
tassa, both salts being perfectly dry and in fine powder, 


* Crell’s Chemical Journal, vol. u p. 242. 
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and to distil from this mixture, in a retort, with a gentle 
heat* By this process, seven pounds of concentrated acid, 
crystallizable by cold, may be obtained from 300 pounds 
of common vinegar *. 

It was also long known, that from certain metallic salts 
formed from vinegar, a very strong acid could be procur- 
ed by distillatidn. The salt usually employed for this pur- 
pose, is that formed by the action of vinegar on cop- 
per, the Verdigris of commerce. It is reduced to a fine 
powder, which is dried by a moderate heat. It is intro- 
duced into a retort connected with a receiver, and urged 
with a fire gradually raised : the portion that first comes 
over is weak, and is therefore to be removed *, it is suc- 
ceeded by an acid liquor extremely strong, and having a 
pungent suflFocating odour. As obtained by the first dis- 
tillation, it holds a small quantity of oxide of copper dis- 
solved, from which, however, it may be Ireed by a second 
distillation, with a more gentle heat. The acid procured 
by this process, had formerly the name of Radical Vine- 
gar. 

It having been observed, that this acid differed in seve- 
ral of its properties, and still more in its saline combina- 
tions, from the acid which exists in distilled vinegar, even 
when this is concentrated by freezing, the opinion was 
maintained, that there is an essential difference between 
them. Berthollet, in particular, at an early period inves- 
tigated this difference. Having concentrated distilled 
vinegar by freezing, and brought the acid obtained from 
verdigris by beat, to the same specific gravity by dilu- 


* Crell^s Chemical Journal, voL ii. p. 
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lion, he observed, that the latter had a taste and odour 
more pungent than the former i it appeared to exert a * 
stronger attraction to the alkalis, and to form with them 
combinations more intimate, and differing in their pro- 
perties, from those formed by the other*. The difference 
between them, he supposed owing to the oxygen received 
by the acid from the oxide of copper, in* its production 
from^ verdigris by fceat ; and according to the theory 
then mamtained, to the transfer of phlogiston at the same 
time from the acid to the copper. The two acids thus 
came to be regarded as differing in their degree of oxy- 
genizement, and were afterwards distinguished by the 
names of Acetous and Acetic Acids. 

Adec some years ago called this opinion in question. 
From examining with attention the products of the decom- 
position of the acetate of copper by heat, he found reason 
to conclude, that the acid expelled from it receives none 
of the oxygen of the oxide, but is the same as that which 
existed in the salt, except that it contains less water. He 
compared this acid too, with that disengaged by sulphu- 
ric acid, without the application of any high heat, from 
acetate of copper, and acetate of potassa, and found them 
precisely the same. He found it impossible to oxygenize 
the acetous acid, so as to convert it into acetic. And in 
examining the actions of these acids on a number of sub- 
stances, metallic, earthy, and alkaline, and the compounds 
they form, he found them perfectly identical, and equally 
so, allowing for the dilution, with distilled vinegar. He 
concluded, therefore, that the acetic aci4 expelled by 

' * M^moires de PAcad. des Sciences, 1783, p. 403. 
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heat from its metallic salts, docs not receive oxygen : 
• that it exists in one uniform degree of oxygenizement : 
that there is no acetous acid, therefore, different from the 
acetic ; and that the apparent differences between the two 
icids so named, arise merely from the one being little 
weaker or mor« dilute than the other *. Gren, it may be 
remarked, had held the same opinion. 

Chaptal, in a memoir subsequent to Adet’s, still main- 
tained the opinion, tliat there is an essential difference 
between these two states of acetic acid ; a difference 
which he sought to establish by experiments on their 

I 

solvent power, their power of saturation, and their com- 
binations : but he regarded this difference as depend- 
ing, not on a different degree of oxygenizement, but 
on a different proportion of carbon in their base : the acet- 
ous acid existing in verdigris, losing, when it is expel- 
led by heat, a portion of its carbon, which is attracted 
partly by a portion of the oxygen of the metallic oxide, 
and partly by the oxide itself, which passes nearly to the 
metallic state f. A similar opinion liad been advanced 
by Peres : while Dabit revived and endeavoured to sup- 
port by experiment the opinion, that these acids are in a 
different degree of oxygenizement J. Darracq has more 
lately, however, examined the subject, and has found the 
conclusions of Adet just. He repeated his experiments 
and found them correct ; and added others, from which it 
resulted, that when the two acids are brought to the same 


* Anoales de Chimie, tom. xxvii. p. 299. 
t Nicholson’s Journal, 4to, vol. ii. p. 518. 
% Philosophical Magazine, voL x. p. 334. 
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specif c gravity, there is scarcely any difference between 
them in their'physical properties, except that the smell of , 
the acetic is a little empyreumatic. Their chemical pro- 
perties were also alike, and their combinations the same. 
The acetous, submitted to the action of substances capa- 
ble of aflbrding to it oxygen, was not changed : nor by 
analysis drcl they aff<Td different proportions of charcoal. 
Common vinegar, however, contains a quantity of muci- 
laginous or extractive matter, which Darracq found not 
to be^ altogether separated from it by distillation, and a 
portion of which even adhe'rcs to the acid in its saline com- 
binations. The presence of this, and of a portion of wa- 
ter in what has been named Acetous Acid, somewhat dis- 
guise its properties *, and by abstracting them by distilling 
this acid repeatedly from muriate of lime, an acid was ob- 
tained equally strong with the acetic, and having an odour 
as pungent and not empyreumatic. This may be regard- 
ed as the pure acetic acid. 

There exists, therefore, as Darracq has remarked, only 
one acid of vinegar ; which being at its maximum of oxy- 
geiiizement, ought, in conformity to the principles of the 
modern nomenclature, to be named the Acetic. Its salts . 
must be denominated Acetates } and the salts named Ace- 
tites, as distinct from these, have no existence 

The acetic acid is extracted from the metallic salts in 
which it exists, by other methods than merely by the ap- 
plication of heat ; in particular, by employing tlic affini- 
ty of some other concrete acid to disengage it, assisted by 
beat. It can thus be obtained from acetate of lead, by 

* philosophical Magazine, vol, xiii. p, 1-, 
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the intervention of sulphate of copper or of iron. A pro- 
« cess of this kind} given by Badollier, is to expose to heat^ 
in a retort, a mixture of equal parts of sulphate of copper 
and acetate of lead, as long as any acid comes over 
This has been introduced into the Pharmacopoeia, substi- 
tuting sulphate of iron for sulphate of copper. T^le acid 
thus procured, however, is much weaker, and,> according 
to the observation of Pebuc, confirmed by the experi- 
ments of Planchc and Boullay, always contains sulphu- 
rous acid 5 which, however, according to the for!nci* che- 
mist, may be abstracted by disrtilling it from black oxide 
of manganese, mixed with a very* small quantity of car- 
bonate of potassa f . 

Acetic acid, in its highest state of concentration, such 
as that in which it is obtained when expelled from ace- 
tate of copper by heat, or when distilled repeatedly from 
muriate of lime, has a fragrant, and at the same time very 
penetrating smell, irritating the nostrils strongly : it is al- 
so so caustic as to inflame the skin : its acid taste is strong, 
even when it is largely diluted with water : it is colour- 
less, and has a specific gravity of 1.0G26. In its diluted 
^ state, as in that of distilled vinegar, its smell is much more 
faint, but is still agreeable, and its taste is merely sour. 

This acid is capable of congelation, when it forms fo- 
liated arborescent crystals ; and, according to the observ- 
ations of Lowitz, it suffers this change, and presents very 
different results, according to its degree of concentration, 
Jf much diluted, as in common distilled vinegar, it is the 


* Annales de Cbimie, tom. xxxvii. p. Ill, 
j* Nicholson’s Journal, vol, xiii, p. 42. 


ACETOUS FERMENTATION. 


47i 


water that freezes, leaving a stronger acid uncongealed ; 
if, on the contrary, the acid exposed to cold be more con.- 
centrated, it congeals, and the*part that remains liquid is 
more watery. When strong, It congeals, according to his 
account, at the temperature of 32*^, and remains solid 
even at a higher temperature With regard to this, 
liowever,Ahere is soUie obscurity ; for concentrated ace- 
tic acid does not freeze at a much lower temperature, and 
the acid distilled from charcoal, Lowitz himself remarks, 
requir^a temperature lower than 20® of Fahrenheit. 

This acid is very volatile : its odour is diffused through 
the atmosphere, when* it is exposed to it, and becomes 
gradually weaker ; and, by a moderate heat, it is convert- 
ed into vapour : this vapour readily catches fire on the 
approach of an ignited body j and hence the acetic acid 
affords one of the best examples of an acid retaining the 
property of inflammability. 

This acid combines with water in every proportion, and, 
when it is concentrated, the temperature rises from their 
combination. 

Acetic acid combines with the alkaline and earthy bas- 
es. Its salts are denominated Acetates, or formerly, as 
they are generally prepared from distilled vinegar, which 
was considered as acetous acid, Acetites. They are very 
soluble in water, and the greater number of them have 
such an affinity for it as to be deliquescent, and not easi- 
ly crystallized : the acetic acid is easily disengaged ; and 
they arc decomposed by heat, the greater part of the acid 
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suffering decomposition, and leaving a residuum of char« 
coal. 

Acetate of Potassa is prepared by saturating the al- 
kali of carbonate of potassa, by the addition of distilled 
vinegar. The liquor is evaporated to a dry mass : this is 
of a brownish colour, from the presence of a small quan- 
tity of extractive matter derived from the vinegar. If it 
be melted and kept in liquefaction for a short time, on 
dissolving it again in water, the extractive matter Sepa- 
rates in flakes ; the solution when strained is limpict, and 
when evaporated affords a salt* perfectly white. It is soft, 
and of a very distinctly foliated tekturc, whence it receiv- 
ed formerly the absurd name of Terra Fpliata Tartar!. Its 
concentrated solution affords, when exposed to cold, 
prismatic crystals. This salt is so deliquescent, that, even 
on a few minutes exposure to the atmosphere, its surface 
becomes humid : it does not require more than its weight 
of water for its solution at 60^ :^it is also soluble in alko- 
hoL. Its watery solution, like that of the other acetates, 
decomposes spontaneously ; and when the dry salt is ex- 
posed to heat, its acid is decomposed, an empyreumatic 
oil and acid pass over, with a little ammonia, and much 
carbonic acid and carburetted hydrogen gases ; a consider- 
able quantity of charcoal remaining, mixed with carbonate 
of potassa. 

Acetate of Soda, prepared by saturating carbonate of 
soda with distilled vinegar, is, by evaporation of its solu- 
tion until a pellicle form on its surface, obtained when 
the fluid cools, crystallized in striated prisms. Its taste, 
like that of the preceding salt, is sharp and bitter : it k' 
not deliquescent, but is easily soluble in water, requir|ng 
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nearly three parts af GO°. It is decomposed In the same 
manner as the acetate of potassa. 

Acetate of Ammonia, formed by saturating carbon* 
ate of ammonia with distilled vinegar, has been long 
known under the name of Spinr of Mindorerus, having 
been employed in medicine as a diaphoretic. It is not 
easily (gained crystallized, as it is so vojatile that its so- 
lutlcfn cannot be concentrated by evaporation ; by a very 
sloJj^ evaporation, however, it may be obtained in acicu* 
lar prisms ; and it can be crystallized by sublimation. It 
is very deliquescent and sbluble. 

The combinations 6f this acid with the earths do not 
form compounds of much importance. Aceta^te of.bary* 
tes crystallizes in acicular prisms, which are efflorescent, 
and, at the same time, very soluble in water. Its taste is 
bitter. As it is decomposed by the alkaline carbonates 
and sulphates, it is sometimes used as a test to discover 
carbonic and sulphuric acid. Acetate of strontltes affords, 
by evaporation of its solution, slender crystals, which are 
soluble in water, requiring not much more than two parts 
for their solution, and which are not altered by exposure 
to the air. Acetate of lime is obtained by evaporation and 
cooling, in fine prismatic crystals of a silky lustre, efflor- 
escent, soluble in water, and, as is observed by Mr Kir- 
wan, still more soluble in alkohol. Its taste is bitter. 
Acetate of magnesia crystallizes, but with difficulty, its 
solution usually affording, on evaporation, a viscid deli- 
quescent mass, abundantly soluble both in water and al* 
kohol : its taste is sweetish. Acetate of argil, prepared 
^y digesting the acid on the earth, forms small needle- 
lij^e crystals, soft, and having an astringent taste. This 



♦ 74 . 


ACETOUS FERMENT ATI01». 


salt is prepared for its application as a mordant, as has been 
, already remarked, by decomposing acetate of lead by sul- 
phate of argil. Acetate of glucine is easily formed by di- 
rect combination : the solution does not crystallize, but 
is reduced, as Vauquelin found, by evaporation, to a 
gummy-like substance, which remains long ductile, and 
dries slowly : its taste is sweet and astringent.*- Acetate 
of zircon is likewise gelatinous and uncrystallizable, and 
has an astringent taste. Acetate of ittria can be obtaiftied 
by evaporation of its solution in crystals, which are thin 
plates, and of a purple colour. * 

Acetic acid, in its various states* of concentration, acts 
more,or l^s powerfully on the metals, and, in general, 
combines with facility with them when they are previous- 
ly oxidized. Some of these combinations, particularly 
those with lead and copper, are extensively used. 

Gold, silver, and platina, are not affected by it in their 
metallic state, but, when oxidized, are dissolved by it- 
The acetic solution of gold, it is remarked by Bergman, 
affords fulminating gold, when acted on by ammonia. 
The acetate of silver crystallizes in prisms, which are very 
soluble, and have a sharp metallic taste. 

Acetate of quicksilver is different in its properties, ac- 
cording to the state of oxidizement of the metal. That 
in which the metal is imperfectly oxidized is best obtain- 
ed by decomposing a solution of nitrate of quicksilver, in 
which the metal is in that state, by mixing it with a solu- 
tion in tepid water of acetate of potassa : very delicate 
crystals, in the form of spangles, of a white colour and 
beautiful silvery lustre, form quickly, and are deposited as 
the solution cools. Its principles have so weak an afi|]- 
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nity, tliat it Is decomposed by water alone : if a large 
quantity be employed to wash it, it then becomes yellow : ^ 
the whiteness is immediately restored, by washing with a 
little distilled vinegar : when dry, it forms a soft foliated 
mass : its taste is mild, but metallic. Tliat which is 
formecl by digesting the acid on mercury more highly ox- 
idized^^a^-on the red oxide, is more acrid, and soluble. 

Copper forms with this acid combinations of some im- 
porMnee, from their use in medicine and the arts. What 
has dc?A named Verdigris is a sub* acetate of copper. It 
is prepared by stratifying copper plates with the husks of 
grapes, after the expression of their juice, and when they 
have been kept for some time imperfectly exposed to the 
air, in an apartment warm but not too dry, so as to pass 
to a state of fermentation, whence a quantity of vinegar 
is formed. The copper plates are placed in jars in strata, 
with the husks thus prepared, which are covered. At 
the end of twelve, fifteen, or twenty days, these are open- 
ed : the plates have an efflorescence on their surfaces of 
a green colour and silky lustre : they are repeatedly moist- 
ened with water •, and at length a crust of verdigris is 
formed, which is scraped off by a knife, is put into bags, 
and dried by exposure of these to the air and sun. It is 
of a green colour, with a slight tint of blue 

In this preparation, the copper is oxidized, probably by 
the atmospheric air, aided by the alTinity of the aceti^ 
acid ; and a portion of this acid remains in combination 
with the oxide, not sufficient, however, to produce its 




* Account of the Manufacture of Verdigris, by Chaptal, 
lliilosoph. Magazine, vol. iv. p. 71- 
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saturation. When acted on by water, the acid, with 
such a portion of oxide as it can retain in solution, are 
dissolved, and the remaining oxide is left undissolved* 
From this analysis of it by the action of water, Proust 
inferred, that it consists of 43 of acetate of copper, 27 of 
black oxide of copper, and 30 of water, this water being 
not accidental, .but existing in it in intimate^ combina- 
tion 'v 

The proper acetate of copper is prepared by disso^ing 
verdigris in distilled vinegar : the solution, when suffi- 
ciently evaporated, affords masses composed of prismatic 
crystals, aggregated, of a deep green colour when newdy 
broken, but which become of a light green from efflores- 
cence on exposure to the air. This salt is soluble in wa- 
ter, ami also in alkohol : it has a strong metallic taste. It 
consists, according to Proust, of 3D of oxide and 61 of 
acid and water. Both it and verdigris are used as pig- 
ments, in some of the processes of dyeing, and in medi- 
cine on account of their escharotic power. 

With leadj acetic acid forms combinations of some 
importance. Cerusse, or white lead, is formed by its 
action on the metal, plates of lead being exposed to 
the vapours arising from boiling vinegar, and the me- 
tal being oxidized by the action of the air, aided by 
the affinity of the acid. This has. been regarded ei- 
|her as an oxide or a sub-carbonate of lead ; though it 
appears probable, that it should contain some acetic acid. 

It serves as the basis from which the more perfect salt, the 
sugar of lead of commerce, is formed ; the cerusse, in 

^ 
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fine powder, Is boiled in distilled vinegar, the vinegar be- 
ing poured off as it loses its acidity, and fresh quantities « 
being successively added. Tlie liquors thus procured are 
then evaporated nearly to the consistence of honey ; and, 
on cooling, masses are formed, consisting of a congeries 
of ncedle-like prisms. From the account given by Pon- 
tlcr of manufactujre of this salt, it appears, that it is 
alsoAormed by exposing plates of lead to tlic action of 
distfced vinegar and of the atmospheric air : the plates, as 
they are inerusted with oxide at the surface of the vine- 
gar, are plunged to the bottom, until this oxide is dissolv- 
ed, and are again raised to the surface. The acid is thus 
at length saturated, and, by evaporation, the solution is 
brought to crystallize 

This salt was regarded as the neutral acetate of lead. 
From the rescarclies of Tlicnard, however, it appears, 
that it is a super-acetatc, or contains an excess of acid, 
which modifies its properties. A manufacturer of sugar of 
lead having found, that in the method in which he conduct- 
ed his process, the salt did not crystallize in the usual form, 
but in plates, Thenard examined this product, and found it 
to be the neutral acetate, while tlie common sugar of lead 
has an excess of acid. The latter, according to the analysis 
of it by this chemist, consists of oxide of lead 58, acetic 
acid 26, and water 16 f- The form of its crystals is a 
slender four or six sided prism bevelled at the extremities ^ 
its colour white, or frequently of a yellowish tinge, with 
a silky lustre ; its taste is sweet and styptic •, it is slight- 

* Annalcsde Clumie, tom. xxXvii. p. 268. 

f Nicholson's Journal, vol. vi, p. 223. 
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ly efflorescent ; is easily soluble in water, requiring about 
• 24 parts for its solution, but at the same time appears to 
be partially decomposed, as the solution, even with distil- 
led water, is turbid ; a small quantity of a white powder 
is deposited, and the salt which remains dissolve/!, has 
probably a still greater excess of acid than the original 
salt. It is decomposed very readily by all tfe'^ salts, 
which contain an acid that forms an insoluble compaind 
with oxide of lead, and is hence sometimes used as ^test 
to discover their presence. It is also decomposed by heat, 
and gives acetic acid diluted and empyreumatic. 

The neutral acetate is described by Thenard as cry- 
stallizing in plates : it has a less perceptible saccharine 
taste than the super-acetate ; it effloresces slightly in the 
air ; is less soluble in water, and forms a solution which 
is precipitated abundantly by carbonic acid, while that of 
the supc«-acetate is precipitated sparingly. It dissolves 
in vinegar, and on evaporation gives needle-like crystals. 
It consists, according to his analysis, of oxide of lead 78, 
acetic acid 17, water 5 . 

Acetic acid dissolves iron, the metal being oxidized at 
the expence of the water. The solution is of a reddish 
brown colour has a sweetish astringent taste ; and by 
evaporation affords a gelatinous mass, which is deliques- 
cent and easily decomposed by heat. The use of this so- 
lution as a mordant in calico-printing, has been already 
mentioned. 


The remaining metallic acetates present few important 
results, and many of them have not been particularly ex- 
.Wi^ed. The acid dissolves tin only in small quantity^* 
P isolution when evaporated is viscid, and has a foetid 
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smell. Zinc is dissolved by it very readily, and by eva- 
poration crystals in thin plates are obtained, which burn > 
when thrown on ignited fuel, with a blue flame, and are 
decomposed by heat. This salt is also formed by decom- 
posing acetate of lead by sulphate of zinc. Nickel is dis- 
solved by acetic acid, and the solution, by evaporation, 
gives cr,y^.tals of a green colour. Oxide »of cobalt is dis- 
sol«d by it *, the solution is of a pale rose colour, and 
hjrms a sympathetic ink. Antimony and bismuth are 
scarcely aflcctcd by it : the vitrified oxide of antimony, 
however, appears to be clis’soivrd in small quantity. Oxide 
of arsenic is said not* to combine directly with it ; but 
when heated with acetate of potassa, a liquor is formed, 
fuming and having a very fociid odour, and which the 
Dijon Academicians found inflamed spontaneously, on 
exposure to the air, and exhaled a dense foetid vapour. 

Acetic acid acts on several of the vegetable products. 
Mr Hatchet found, that it dissolves resins and gum-resins 
readily, without altering their properties. It also dis- 
solves gluten, as has been already observed. It is a 
powerful solvent of camphor and essential oils ; a property 
observed by Mr Henry, and applied to the preparation of 
what has been named Aromatic Spirit of Vinegar 5 a per- 
fume more stimulating and more grateful, than the essen- 
ces commonly formed from the volatile oils. It combines 
with alkohol, and when its action is promoted by hear, 
converts it into a species of ether, which has been already 
noticed. 

The composition of acetic acid is not very well deter- 
>mil)ed. As it aflbrds the usual products of the vegetable 
aSds when decomposed by heat, it is obvious that like 
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them It carbon^ hydrogen, and oxygen. Lavoisier, 

• from the observation, that ammonia is given out in the 
decomposition of acetate of potassa by heat, supposed, 
that a portion of nitrogen might exist in the composition 
of the acid. Proust has found, that not only ammonia, 
but also prussic acid, is produced in the decomposition of 
acetic acid by heat ; which. he therefore considv?;s as ad- 
ding probability to the conclusion of Lavoisier 

Acetic acid, in its various states of dilution and pi^ity, 
is Tipplied to numerous uses. Vinegar is one of tTie acids 
that has been longest knovvn, and is extensively used as a 
condiment and an antiseptic. It is employed in medical 
practice, and in a number of the processes of pharmacy. 
And its saline and metallic combinations arc used in seve- 
ral of the arts, as has been already stated. 


SECT. HI. 

OF THE PUTREFACTIVE FERMENTATION. 

Putrefaction is a process to which animal matter is 
more peculiarly liable. Some vegetable substances, how- 
ever, likewise undergo it ; and if others, in the ultimate 
spontaneous dccomposititn to which they are liable, do 
not give out those offensive products which characterize 
the putrefaction of animal matter, they so far present si- 
milar results, that their composition appears to be com- 
pletely destroyed 5 their principles enter into new combirt* 

r 


* Journal dc Pnysique, tom. Ivi. p. 103. 
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ations, which escape in the aerial form ; and they at 
length leave nothing but the small quantity of earthy and • 
metallic matter, which the vegetable substance had con- 
tained. As this change follows the acetous, and has been 
supposed to be in general preceded by it, in a degree more 
or less marked, it has been considered as the last of the 
three staijiti of the process of fcrmentatioii, and has been 
distiii^ulshed by the epithet Putrefactive. 

Ev'ij^ kind of vegetable mutter is liable to this species 
of decomposition ; there is none but what ultimately de- 
cays, though some resist it, or preserve their composition 
much longer than others. Those suffer it most quickly 
which are soluble in water ; and any vegetable principle 
dissolved in this fluid, passes very speedily into it : the sur- 
face of the liquor appears covered with a mould ; various 
elastic fluids are disengaged, and at length it is entirely de- 
composed. Those which arc not perfectly soluble, if 
merely kept humid, present nearly the same results. Oils 
and resins, which refuse to unite with water or imbibe it, 
resist any change of this kind for a long period, and can 
indeed scarcely be said to be subject to it. 

The same circumstances favour this species of sponta- 
neous decomposition, which favour the others, particularly 
humidity, and a moderate heat. Any species of vegeta- 
ble matter, kept perfectly dry, is long in exhibiting any 
sign of alteration or decay. A certain temperature, which 
must be less, however, than what will dissipate the humi- 
dity, hastens the decomposition, by favouring the approxi- 
mation and consequent exertion of the affinities of the 
coi^tituent elements. And the presence of the air often 

II h 
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promotes it ; at the same time^ however^ modifying the re« 
suits. 

The gases which are disengaged during this decompo- 
sition, are of course combinations of the principles of the 
vegetable substance. According to Saussure junior^ they 
are compounds of hydrogen with carbon, forming inflam- 
mable gases and carbonic acid. The former ap^p-^ar prin- 
cipally when the action of the atmosphere is excliidej, by 
the substance being immersed under water : the j^ter is 
produced when the air is admitted, and its production de- 
pends in a great measure on the action of the oxygen of 
the atmosphere *. A portion of water appears also to be 
formed, by the union of part of the oxygon and hydrogen 
of the vegetable matter. 

The principal difference between this species of decom- 
position, and the putrefaction of animal matter, is, that 
there is no evolution of ammonia, or of those foetid com- 
binations which characterize the latter. This is owing 
to the absence of nitrogen, which is csi,ential to the for- 
mation of these. And accordingly, those varieties of ve- 
getable matter which contain this clement, present, in 
their ultimate decomposition, re ulrs extremely similar to 
those of animal substances : such is particularly the case 
with all those which contain gluten, and with gluten itself 
in its pure form. 

The residual matter of vegetable substances, after this 
species of decomposition, frequently contains a large pro- 
portion of carbon, especially when formed from those prin- 
ciples in which this element is abundant, as from the lig- 


* Recherches Chimiques, p. 157. 
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neous matter; and this may remain long unalteredi the other 
principles which could re-act upon it having been abstract- * 
ed in the progress of the decomposition. A residuum of 
this kind forms that black soft matter which has been 
iiamec^ Vegetable Mouldj and which constitutes so import- 
ant a part of the soil. 

• Whcni this is obtai»ed free from the unHecomposed ve- 
getable matter more or less mixed with it, it appears from 
the r^earches of Saussure, who has particularly examin- 
ed it % to be nearly uniform in its composition and pro- 
perties. Subjected to distillation, it gave carburetted hy- 
drogen, and carbonic acid gases ; water holding in solu- 
tion acetate and sometimes carbonate of ammonia, and a 
small quantity of empyreumatic oil, leaving charcoal, 
with various saline and earthy ingredients. From these pro- 
ducts it follows, that the mould contained less oxygen, 
more carbon and more nitrogen, than the vegetable mat- 
ter from which it had been formed ; though part of this 
nitrogen must probably have been derived from the ani- 
mal matter unavoidably mixed with it. 

The acids do not exert any very striking action on 
this mould ; they dissolve its earthy and metallic ingre- 
dients. The fixed alkalis dissolve it almost entirely, and 
evolve ammonia during the solution. Alkohol merely 
takes up a little resino-extractive matter. Water like- 
wise dissolves a small quantity of extract. 

Saussure has remarked, as has been above stated, that 
vegetable mould, though the result of the putrefactive' 
process, is not itself susceptible of putrefaction, but even 
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rather retards it ; hence it remains unaltered, evidently 
from the cause already assigned, that no other principles 
are present in sufficient proportion to act on the carbon 
accumulated in it. This, however, is to be understood of 
it, only when the air is excluded ; for when exppsed to 
the atmosphere, it suffers a gradual change, until it is en- 
tirely decomposed. The oxygen o£ the air conffiines with 
its carbon, forming carbonic acid, as Saussure foui^d by 
inclosing it over quicksilver, in atmospheric air or pxygen 
gas. While this proceeds, the abstraction of carbon ap- 
pears to allow part of the oxygen and hydrogen of the 
mould to combine and form water ; for it loses more of 
its weight than can be accounted for, merely from tlie 
quantity of carbon abstracted. These changes continue 
to proceed in a certain relation to each other, and termin- 
ate at length in the entire decomposition, leaving the earthy 
and metallic substances originally coniained in the vege- 
table matter. We perceive from this view, how neces- 
sary the frequent turning up of the soil is, to enable the 
vegetable mould to form a proper manure, bydecomposing, 
and affording carbonic acid to the growing plant. And 
yre discover also the cause of the inertness and unfertili- 
ty of that accumulation of it, which principally constitutes 
peat and morass, and which, if not subjected to certain 
operations, remains for ages unchanged. 
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SECT. IV. 

OF THE SPONTANEOUS DECOMPOSITION OF VEGETABLE 
•MATTER, LEAVING CARBON PREDOMINANT. 

Wi^EN the slow and spontaneous decomposition of ve- 
getable substances is conducted under peculiar circum- 
stances, rtic result is the accumulation of carbon in the 
residual matter ; and beyond this the decomposition fre- 
quently does nor proceed. The circumstances on which 
this is dependent, are not, perhaps, perfectly deter- 
mined 5 but they seem to be, principally, a due humidity, 
a certain degree of compre'^sion, and the exclusion of at- 
mospheric air. These circumstances are all present when 
the substance is buried to some depth in the earth, and it 
is jn this situation that this species of spontaneous decom- 
position is best exemplified. 

We can perceive, so far at least, how these circum- 
stances operate in giving rise to this peculiar result. A 
certain degree of humidity is requisite to favour the mu- 
tual actions of the principles of the vegetable matter. 
Were the atmosphere freely admitted, its oxygen would 
modify these actions, and, in particular, by its affinity to 
carbon, would abstract the greater part, and allow the re- 
maining principles to enter into other combinations. Com- 
pression seems to operate by preventing, or at least oppos- 
ing tlie formation of elastic compounds : were it not pre- 
•sent, it is probable, that, in the re-action of the elements 
of the vegetable matter, the oxygen would combine pjxfU 

H4i3 
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ly with hydrogeiii and form water, and partly with car- 
bon, and form carbonic acid. But compression opposing 
an obstacle to the formation of the latter substance, the 
combination of oxygen with hydrogen is more effectually 
determined, and thus carbon remains predominant in the 
residual matter. 

It is obvious, also, that those kinds of vegetable matte- 
which contain the largest proportion of carbon be 
those most susceptible of this species of decomposition, 
and which will exhibit most completely this resuh. Hence 
we find it conspicuous in wood. 

On these principles, I conceive, may be explained this 
species of decomposition, the existence of which cannot 
be doubted, since we perceive it particularly exemplified 
in the instance just now quoted, of wood that has been 
kept humid, and buried to a certain depth. And the va- 
rious coally and bituminous substances which arc found 
in the earth have been probably formed by some such 
process. Their origin from vegetables is clearly marked 
in their composition and properties : they are inflamma- 
ble i afford, by destructive distillation or combustion, the 
usual products of vegetable matter •, the remains of vege- 
table and animal substances are often found intermixed 
with them, indicating their origin ; and we can even trace 
the gradation from wood slightly changed to those which 
are most remote from the ligneous texture. These I pro- 
pose, therefore, to consider under this section, 'as conclud- 
ing the history of vegetable substances. 

Bitumens are of various degrees of consistence, liquid^ 
scfft, or solid, and consist of carbonaceous matter, ixiore 
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or less pure. Considering their arrangement chemically, 
they may be comprehended, perhaps, under the four fol- 
lowing species, — Coal, Petroleum, Amber, and Mellite } 
the two first including a number of varieties. 

Coal consists essentially of carbonaceous matter and 
bitumen, united with more or less earthy matter ; and 
^lese varying considerably in their proportions, numerous 
varietiuS oMF are lormed. Those which contain much 
bitumen are highly inflammable, take fire readily, and 
burn^itk a bright flame : those in which the proportion 
of bitumen is less, and in w'hich the carbon predominates, 
burn less vividly ; they require a higher heat to kindle 
them, and burn without flame, or only with a red glow. 
During the combustion, the products are principally wa- 
ter and carbonic acid gas ; sulphurous acid is also formed 
in small quantity, derived, probably, principally from the 
sulphurct of iron contained in the coal \ and a portion of 
ammonia, the origin of which is not very obvious, appears 
also to be formed, as sulphate of ammonia is always con- 
tained in the soot collected from the combustion of coal. 
The earthy matter contained in coal remains after the 
combustion, and, except in some varieties, is not iit large 
proportion. 

The bituminous part of coal is separated from the car- 
bonaceous part by the application of heat. We perceive 
this separation in its combustion in a common fire ; the 
coal, when first kindled, swelling and softening, exhaling 
a kind of bitumen, and burning with much smoke and 
light ; while, after a certain period, these appearances 
^ crease, and the coal burns only witli a red light. The se-^ 
parution is eflFccted more completely by the application of 

Hh* 
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heat in close vessels : the bitumen i& melted out ; there is 
disengaged at the same time a large quantity of ammonia^ 
partly in the state of carbonate, with a quantity of em* 
pyreumatic oil, and a gas, approadiing in its nature to 
olefiant gas, which burns with a bright flame, and has 
been applied, as already stated, to the purpose of j^rocur- 
ing artificial light. When this species of distillation is coi -- 
tinued until these products are no longer formed, “Ihe car- 
bonaceous matter of the coal remains in the state of coak, 
which, if the air be admitted and the temperaeare^sufli- 
ciently high, bums nearly as charcoal, and without flame. 

This decomposition of coal by heat has been carried on 
on a large scale, with a view to collect the products ; the 
bituminous matter, or mineral tar, as it is named, being 
applied to the uses to which vegetable tar and pitch are 
employed, and the coaked coal being used with advantage 
in the smelting of metallic ores, and for other purposes. 
The process was established in this country by Lord 
Dundonald, and has also been carried on with advantage 
in other countries. 

The general chemical history of coal is almost entirely 
confitfed to these facts, as the action of other substances 
upon it has been little attended to, and does not appear 
indeed to be very energetic. Mr Hatchet has found, as 
has already been stated, that, when treated with nitric 
acid, it affords artificial tannin ; and those varieties of it 
which contain bitumen, yield, at the same time, by this 
treatment, a matter intermediate in its characters between 
extract and resin, and which, by the farther action of ni- 
tric acid, is converted into tannin , 


* Philosophical Transact ioii?, 1806. 
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Numerous varieties of coal exist, deriving their dis-i* 
tintftlons as objects of mineralogical description partly 
from their state of aggregation, but principally from the 
proportions of their bitumen and carbon. As subjects of 
chemical history, these latter distinctions are of course 
those V^hich are chiefly to be attended to. The series may 
briefly described, according as they are connected, on 
the oiie^haT^d, with vegetable matter, and, on the other^ 
with carbon, evidently not of vegetable origin. 

In^hi/ order, what ha»bcen named Bituminous Wood, 
from the ligneous texture* remaining, must find the first 
place. This texture 19 very distinctly marked, and even 
the external shape of the branches and stems of trees, and 
the annual rings of the wood, are distinctly preserved, so 
as to resemble wood imperfectly charred. Its colour is 
brown, of different shades : it is opaque, with little lustre, 
has little density or hardness, and is so light as nearly to 
float on water. It burns with a clear flame, and with a 
bituminous odour, somewhat similar to that from wood ^ 
and it leaves a small quantity of white ashes, similar to 
those from wood. -It is found in beds, generally in allu- 
vial land, and in masses with other varieties of coal, or 
imbedded in rocks of the trap formation. The Bovey 
Coal, near Exeter, is an example of it, as is also the Sur- 
turbrand of Iceland. 

Connected with this specie^, are what have been named 
Earthy Bituminous Wood, or Earthy Coal, which is found 
of a loose consistence, nearly earthy, dull, of a blackish 
brown colour, light and soft } which occurs along with 
• the bituminated wood, and passes into it ; and Brown 
Coal, as it has been named from its colour, which occurs 
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massivei having an imperfect conchoidal fracture> some* 
times fibrous and woody, soft and light, which burns 
with a blue flame, and gives a smell like bituminous 
wood, and which, like the other varieties, occurs in 
alluvial land. Mr Hatchet found a coal of this descrip- 
tion to afford by distillation, besides a portion of* water 
slightly acidulous, amounting to 30 parts from. 100, bitu^ 
men in the proportion of only 1 0.5,'cliarcoai ^nd car- 

bonic acid and carburetted hydrogen gases 14.5. The 
earthy varieties are some of them used as paints ; Umber 
is one of them : and some of .them which contain much 
earth and sulphuret of iron are wrought for the manu- 
facture of alum. 

What has been named by Werner, Black coal, the spe- 
cies which is by far the most abundant, is subdivided into 
several varieties from slight differences in properties. That 
named Pitch coal, from its resinous lustre and Smooth 
conchoidal fracture, forms the variety which has been 
known under the name of Jet, and which, from the close- 
ness of its texture, is capable of being fabricated into or- 
naments. Its colour is deep black, and the ligneous 
texture is often to be perceived in it. It burns with flame, 
and a bituminous smell not unpleasant. Cannel coal, so 
named from aflFording much light in its combustion, has, 
like the preceding, a smooth conchoidal fracture, a resin- 
ous lustre, and a black colour, and is sometimes applied 
to similar uses, though used also abundantly as fuel. It 
burns without melting ; its light is at first bright, but 
soon ceases, and it then leaves a large coally residuum. 
It contains, according to Mr Kirwan’s analysis, 75.2 of, 
carbon, 21.68 of bitumen, and 3,1 of foreign matter. The 
^laty coal forms the variety most abundant in this coun* 
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try: its principal fracture Is slaty, the crosc fracture 
small grained uneven ; its colour is black, frequently w'th 
a shade of grey, and sometimes iridescent ; its lustre 
resinous ; it is soft, and li is a specific gravity of ab^nit 
1.25. It softens, cakes, ard burns brightly, and LmvuS, 
when entirely burnt, a small residuum of ashes. It ap- 
ytars, therefore, to contain more bitumen than the pie- 
ced Ing’vafieties ; the proportion in dilFcrctit kinds appears 
from Mr Kirwan’s analysis to v^ny from 24? to 40, with 
from^SJi'to 70 of carbon, and 2 or 3 of earthy matter. 
The Foliated coal, as it has been called, approaches to the 
slaty, being distinguished by its fracture and its greater 
lustre : it is also softer, and appears to contain more bi- 
tumen. Columnar coal is so named from occurring in 
columnar distinct concretions, and is more rare. Ir burns 
without flame or smell, and hence is probably connected 
with the next species. 

Blind coal, the Anthracite of mineralogists, the Glance 
coal of Werner, consists almost entirely of carbonaceous 
matter. It burns therefore without flame, without exha- 
ling any bituminous odour, and without softening or ca- 
king; nor does it continue to burn of itself until it is 
fully ignited, and then bums slowly. Kirwan found, that 
in deflagrating it with nitre, it required a larger quantity 
for its consumption than the other varieties of coal do, 
and even more than charcoal ; and from this fact, as well 
as from its properties, Guyton, as has already been re- 
marked, (vol. ii. p. 294), regarded its carbonaceous mat- 
ter as in an imperfect state of oxidation, or approaching 
, even nearer than charcoal does to carbtm in its pure form. 
It constitutes the transition from coal to plumbago, nor 
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only in its chemical relations^ but in its external proper* 
ties. Its colour is usually black, sometimes inclining to 
steel grey its lustre is shining, and nearly metallic ) its 
fracture is slaty j its hardness such as to yield easily to 
the knife ; it is brittle, and has a specific gravity of about 
1.5. It occurs generally in primitive rocks, or ir/ those 
of transition in imbedded masses, in beds and .veins. 
has also been discovered by Mr Tam^on'^m *the in- 
dependent coal formation in the island of Arran, and is 
not therefore exclusively -of early formation as had •been 
supposed. There appears no reason to infer that it is of 
vegetable origin. Brochant gives«»the following analyses 
of it, executed by Panzenberg and Dolomieu : that of the 
latter, there is reason to suspect, however, refers rather to 
a variety of graphite. 



Panzenberg. 

Dolomieu. 

Pure carbon 

90 

72.05 

Silex from 4 to 2 

13.19 

Argil 

— 4 to 5 

3.29 

Oxide of iron 

— 2 to 3 

3.47 

Loss 


8.00 


The following table gives the results of an analysis of 
different coals by Mr Kirwan, made by projecting a cer- 
tain quantity of each on ignited nitre, observing howmuch 
nitre was decomposed or alkalized^ and inferring front 
this what proportions of bitumen and carbon they con- 
talnedi the carbon only being supposed to exert this o- 
peration. This assumption is perhaps not just, and seve- 
ral sources of fallacy attended the experiment. The last 
five coals in the table appear to be varieties of black slaty 
coal. 
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100 parts 

Carbon. 

Bitumen. 

Ashes. 

Maltha 

8 

- 


Asphalt 

31 

68 

— 

Kilkenny coal 

97.3 

— 

3.7 

Compact canncl 

75.2 

21.68 

3.1 



i 47.62 

3‘2.5'i 

20 

Wliitchaven i 

57 

41.3 

1.7 

Wigan ■— 

61.73 

3G.7 

1.57 

SwaiistTy — — 

73.53 

23.14 

3.33 

Leitrim ■ — 

71.13 

23 37 

5.20 

Newcastle — 

•58 

40 

— 


Coal is found in strata, which are of very various 
thickness, and which alternate, or are connected with va- 
rious rpcks of secondary formation, particularly with clay, 
slate clay, argillaceous ironstone, sandstone, limestone, 
grunstein, and basalt. They are also of limited extent, 
generally forming as it were patches or hollows filled up 
with the coal and its accompanying rocks, indicating par- 
tial formations.. Three formations of it have been sup- 
posed by Werner. The principal is what is named the 
Independent coal formation, from coal being the princi- 
pal fossil belonging to it, and from its being found in in- 
sulated fields- or patches, lying over other secondary 
rocks, or sometimes rocks of transition, and accompanied 
with the rocks above enumerated, the whole being dis- 
tinctly stratified, generally horizontal, or not much incli- 
ned, and containing abundant impressions of organic re- 
* mains. Besides this, coal is found, according to the same 
authority, in a formation subordinate to what is named 
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the newest floetz formation, in which it is accompanied 
• with wacken, basalt, greenstone, and argillaceous iron- 
stone ; and, lastly, some varieties of it, especially the 
brown coal, are found, as has been already remarked, in 
alluvial land. , 

Coal, excluding the anthracite or blind coal, is evident- 
ly of vegetable* origin. We trace in it, as has i>een a^^ 
ready remarked, the gradation from bituminated wood ; 
we often discover in its varieties the ligneous structure, 
and even the remains of plants ; and its chemical compo- 
sition agrees with that of vegetable matter. 

It is difficult, however, to determine in what manner 
it has been formed, or by what operations the vegetable 
matter from which it is originated has been so far modi- 
fied as to have assumed the properties under which it ex- 
istS‘ The discussion of this subject is indeed intimately 
connected with geological speculation ; for the opinion 
which is adopted, must be connected with the general 
theory which is held with regard to the structure of the 
globe. In the geological systems of the present day, very 
different opinions are accordingly maintained with regard 
to the origin of coal : in the system of Werner, it is re- 
garded as originating from vegetable matter, altered by 
operations conducted in the humid way ; in the system of 
Hutton, it is supposed to have been formed by the action 
of subterranean heat, operating under partial compression. 

Were the latter system received, and the theorist allow- 
ed the convenient assumption, that wherever coal had been 
formed, a partial compression had existed, the experiments 
of Sir James Hall have rendered it probable, that from such 
a cause a substance might be produced somewhat analogous 
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to coal; as by a very moderate heat, applied under such com- 
pression both to vegetable and animal substanceS} as saw- 
dust and horn, he formed matter more or less bituminous 
On the supposition that it is of aqueous formation, the 
process from which it may have originated may be con- 
ceived to be somewliat similar to that described in the be- 
ginniiig.of this section, in which vegetable matter in a 
state of humidity, and under compression, has suffered 
deconiposition from the re-action of its elements, these 
circumstances determining the combination of its oxygen 
principally with its hydrogen, so as to leave the carbon 
predominant. It may be supposed, that vegetable matter 
carried to the sea, has, by the direction of currents, been 
deposited in banks, and that during this submersion it has 
suffered that slow kind of decomposition by which the 
greater part of its principles have been evolved in new 
combinations, while its carbon, with a portion of hydro- 
gen, have remained ; and this, mixed with more or less 
earthy matter deposited at the same time from the ocean, 
has in its soft state been consolidated by the force of ag- 
gregation, and has formed coal. The decomposition by 
which this has been effected, is probably analogous to 
that which we know animal matter, when immersed in 
water, suffers. Its hydrogen, azot, and oxygen, enter into 
various combinations, forming gases which escape ; and 
its carbon retaining, by a chemical attraction, a portion of 
hydrogen in combination, remains, forming a species of 
fat. Carbon is still more abundant in vegetable than it 
in animal matter *, and this constitutes the principal dif- 


* Transactions of the Ro\;^il Society of Edinburgh, 1805. 
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ference between them. Vegetable matter, however, is^lia- 
• ble to similar decompositions ; and under the circumstan- 
ces pointed out, it is reasonable to believe that changes of 
a similar kind, modified as to the result by the difference 
in the proportions of its principles, will take place ; mo- 
ther words, its residue will be more carbonaceous, but still 
with a proportion of hydrogen, so as to render it^more or 
less bituminous. We accordingly find, that wood, by 
immersion in water, becomes first brown, and then black » 
and the ligneous fibre, by slow decomposition, is com- 
pletely converted into a black mould, in which carbon pre- 
dominates* It is easily conceivable, that this process 
being carried on under different circumstances, may pro- 
ceed with various degrees of rapidity, and to a greater ot 
less extent. Hence will originate different varieties of 
coal, some being much more carbonaceous than otheriill 
while their composition is also varied by the different 
quantities of earth deposited during their formation 
Mr Hatchet has remarked, that observations on the state 
of wood, in submarine forests, demonstrate, that whether 
vegetables are totally or partially buried under the waves, 
or under the earth, they are not merely by such means 
converted even into the most imperfect sort of^oal, and 
that therefore some process independent of these circum- 
stances mnst have taken place in the formation of this 
substance. And having found, that from the action of 
acids on vegetable matter, products might be obtained 
more or less similar to bitumens, he has supposed, that 

^ * Comparative View of the Huttonian and Neptunian Sys-* 
terns of Geology, p. 208. 
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some 8ueh action, exerted bjr muriatiCf or more probablf 
sulphuric acid, may have contributed to the formation of 
coal It is not easy, however, to conceive how these 
could operate on collections of vegetable matter on the 
large scale, that must be supposed to account for the form*^ 
ation of strata of deal ; and the consideration that wood is 
.found long submersed without having been bituminatedj 
perhaps proves that the process is extremety slow, 
not that the change which it actually does suffer might 
' not ultimately pass to that state. 

The substances which have been distinguished by mi- 
neralogists under the names of Asphaltum, Petroleum, 
and Naphtha, appear to be mere varieties of one species, 
and form a series which passes even into coal. Asphal- 
tilhi forms the connection with pitch coal. It is of a 
black colour, and resinous lustre, without transparency : 
its fracture is conchoidal ; i{ feels somewhat greasy ; is 
light, and has a bituminous smell, when rubbed or heat- 
ed. It melts easily, takes fire, and burns without leaving 
any ashes. It is found in veins, and in small masses, and 
also sometimes on the surface of lakes; Mineral pitcK, 
or Maltha^'s softer, has a degree of tenacity, and a strong 
bituminous smell. It is sometimes elastic, forming what 
has been named the Elastic Bitumen. A variety of this 
found in a vein of a lead mine near Castleton was examtn*. 
ed by Mr Hatchet, who found it had all the properties 
these bitumens, and who supposed, that It owed its elas^ 
ticicy to miTTute portions of air interspersed in its sub* 


* Philosophical T^faniattionSi 1606 » 
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Btahce ; as, when melted^ it completely lost the ehsti«r 
pFopertyi and| at the same timei gave out a quantity of 
aerial fluid. This might, however, be only an accidental' 
coincidence ; and Mr Hatchet having since found, that 
there is a strict resemblance between the elastic l)itumen< 
and caoutchouc, in the changes they s&flFer from acids 
it is not imprbbable that the property may depend 
some peculiarity of combination. Mineral tal* is more of 
a liquid consistence it is tenacious, and 'of a reddish or 
blackish brown colour. Petroleum is semi-liquid, semi- ‘ 
transparent, of a reddish brown colour, and foetid odour. 
Naphtha is of a lighter cqlour, more or less transparent, 
perfectly thin and liquid, light, so as to float on water, 
odoriferous, volatile, and inflammable. Through all these ‘ 
substances there is a perfect gradation ; naphtha, by iiispis-* 
6ation> becoming petroleum, and this, by the same opefti- 
tion, passing into asphaltum ; and even the different spe^ 
cimens of these are frequently found in the same situa^ 
don^ These changes, as Mr Hatchet in his paper on bi- 
tumens remarks f , appear to be caused by* the gradual 
dissipation of part of the hydrogen of the bitumen, and 
the consequent developement of a portion of carbon* 
pThey also agred^n their chemical characters, inflam- 
mable, insoluble in water and in alkohol, but combine 
with fixed and esseuitial oils, and are partially soluble in 
ether. They are not dissolved by the alkalis ; are decom- 
|ipsed by the more powerful acids^ especially by the nitric^ 
'^icb, as Mr Hatchet found, causes the production of a 


* Philosophical Tnusactions/ 18QG. 
t I^ipboUonV Jotmi^ 4to, voL ii. p. 
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^substancfe intermediate in its properties* bettireen extract 
•and resin, and which, by the farther acfton of the acid, is* 
•converted into tannin, ' ^ 

^ There is some obscurity with regard to the natural 
sources of these bitumens. These that are liquid are 
-found generally exuding from crevices in the roclcs which 
accompany coal, and frequently flow oti the surface of 
water wfiSfh has probably run over coal strata. 

Amber is usually placed among the bitumens, though 

* It differs from them considerably in its properties. It is of 

a yellow colour, pale or deep, is often perfectly trans- 
parent, and has a shining lustre ; at other times it is 
more or less opaque : its internal lustre is highly^ shining ; 
it is inodorous, unless when heated, and is insipid : its 
fracture is conchoidal : it is brittle, and has a specific 
gravity of about l.OS. When rubbed it becomes strong- 
ly electrical : it was even in this substance that this pro- 
pei’ty was first observed \ and it is from the name under 
which it was known to the ancients, Electrumf that the 
term Electricity has been derived. i * 

Amber occurs in fragments, or sometimes in large 
masses : Jt is found in layers of bituminated wood, often 
. also buried in sand on the sea*shore. - 'No very satisfac- 
tory theory has been given of its oj^In or formation. It 
often contains very perfect organic remains, especially in- 
sects, and sometimes leaves of vegetables,-— a proof of ita 
having been once perfectly fluid. It-U found in greatest 
quantity on the shores of the Baltic, but occurs also in 

* other countries. 

IJg 
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With regard to cHemtcal propertied^ amlier approarfies- 
•to the resinsj but presents also some peculiarities^ espes- 
daily in aflFording an acid sut generis j when decomposed 
by heat, . » * . • 

When it i$ exposed to heat in close vessels, it softens 
und swells ; ^ t]Uantity of an acidulous liquor passes over v 
this is succeeded by a concrete acid, which condenses in 
flakes or needles ; a considerable quantity of oil high- 
ly empyreumatic, and of a deep brown coloui'^ distils over ; 

^ • I 

a black resinous-like substance forms the residuum. 

When amber is heated in contact with the air, it in-* 

« 

flames, > burns with much smoke, and with a strong bitu- 
minous smell,* and leaves little residue. 

Water exerts no action on amber. Alkohol acts on. it 
weakly, acquires colour and some tenacity from a portioU 
being dissolved. ^ / 

Hoffman observed, that amber reduced to powder, an^ 
boiled in a solution of.pure potassa, is almost entirely dia- 
Oolved« It .combines with the alkali, and forms a kind pf 
soap, and, in ^is jespect, has therefore a near resemblancer 
tithe resins. > « * 

^ Amber is decomposed by the more powerful acids, 
.wduch change it into a species of resin., Mr Hatchet 
found it yields abundance of artificial tannin, when sub* 
jected to the action' ^sulphuric acid, in the same manner 
as th6 resins and balsams, ^ < . » » . 

There is one property in which it differs from the xe» 
akis, that ef not beihg dissolved either by the ^^pressed 
or essential oils i but it becomes soluble by being toasted 
gently. Solutions of this kind are used as yaniishes. Tbisf 
varnish is preferable to almost any other for a number of 





purposes. It dries speedily : ft does not cradt^ and iieat* 
tremely durable. In mixing with •colours, it is also said^ 
to render them more brilliant, and preserve them better 
than the drying oils do. There is some difficulty, how-* 
ever, in preparing it, principally with regard to the heat 
eo be applied. Ample directions have been given, in a 
dissertation on this subject by Nils Nystsom *. 

The einpyreumatic oil obtained from the decomposi- 
tion of am oar by heat is thick, and of a dark colour : by 
distflling* it repeatedly, with the addition of a little wa- 
*ter, it becomes thinner and of a lighter colour, leaving 
at each distillation a Hftle coally matter ; and at length it 
may be obtained nearly colourless. It still retains a very 
foetid smell : it is volatile and inflammable i is insoluble 
in water, and imperfectly soluble in alkohol. It also 
'^combines imperfectly with the alkalis. ^Iquid ammonia 
impregnated with it forms £au de Luce. Concentrated 
sulphuric acid poured upon it produces considerable heat, 
and converts it into a yellow resin, having a fragrant 
^dour, somewhat similar to that of musk. 

The acid obtained by the same decomposition, the Siic- 
cinic Acid, as it is named, is possessed of properties which 
sufficiently distinguish it. As first procured, a portion .q£ 
4fcmpyreumatic oil adheres to it, and gives it colour and 
smell. From this it is not perfectly freed, even by repeat- 
. ed solution and crystallization. It charcoal powder re- 
cently prepared be added to its solution in water, and 
the solution be made to filtrate through the charcoal, it is 
•obtained more pure, as it is also, according to Guytgn, by 


^ philosophical Magazine, yol. yfi. p, 2S3. 
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distilling a little nitric acid from it : or, according to a 
^ process given by Richter, it may be combined with pot- 
assa ; the salt thus formed may be decomposed by acet- 
ate of lead and the succinate of lead may, lastly, be de- 
composed by sulphuric acid. 

This acid crystallizes in four-sided rhomboiilal plates, 
which, when pure, arc white ; their taste is sour, and they 
redden infusion of litmus ; they are rather sj^ingly so- 
luble in cold water, requiring t wen ty-f fast parts for 
their solution, but arc abundantly soluble in hot wheor j 
they are also soluble in alkohol. This acid is also vola- 
tile and inflammable. In rheSe properties it bears 
some resemblance to benzoic acid. Like the other vege- 
table acids it has a compound base of carbon and hydro- 
gen, as is proved by the usual products which it affords 
when it is deco^mposed by heat. 

Succinic acid combines with the alkalis, earths, and 
metallic oxides, but few of these combinations present 
any important results. They have been examined -by 
Bergman. Succinate of potassa crystallizes in triedral 
prisms, which arc easily soluble in water ; its taste is 
bitter ; exposed to heat it decrepitates, and is decom«> 
posed. Succinate of soda crystallizes in nearly the same 
form ; its taste is bitter, and it Is also decomposed by 
heat. Succinate of ammonia appears under the form 
of needle-shaped crystals, having a saline and bitter taste, 
and volatile, so as to be capable of being sublimed. Suc- 
cinate of barytes is of very sparing solubility in water. 
Succinate of lime affords long spcar-sliaped crystals per- 
manent in the air, and not easily dissolved even by boiling « 
water. Succinate of magnesia does not crystallize, but 
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ly evaporation forms a viscid mass. Succinate of argil 
crystallizes, according to Wenzel, in prlsms« 

The metallic succinates have been less 'examined. In 
general they are soluble and crystalllzable. ^Succinatc of 
iron, however, is insoluble, and from -this '.property suc- 
cinic acid has been employed as a test of this metal, and 
as a re-agent by which substances may be freed from 
it, succinate of potassa being added to any solution con- 
taining iron,. and the succinate of iron being precipitated. 

'the oil and acid of amber have been employed in 
medicine, and have a place in the pharmacopoeias, but 
they are nearly discarded from practice. Amber itself, 
.when transparent, of a rich colour, and free from flaws, 
is cut and fashioned into various kinds of ornaments. 

Mellite or Honey-stone has been placed among the 
•bitumens, with which, though it differs from them consi- 
derably, it has some relations- In its external appearance 
it has some resemblaiice to amber : it is of a honey yellow 
colour, whence its name ; is more or less transparent, and 
has the property of double refraction j its lustre is inter- 
mediate between vitreous and resinous j its surface 
smooth, its fracture conchoidal ; it is brittle, and softer 
than amber ; has a specific gravity of 1.6. It occurs ge- 
nerally crystallized ; its crystals being octaedrons, do- 
decaedrons, or four-sided prisi^ acuminated by four 
planes. It becomes, according to Hauy, weakly electrical 
from friction. When heated in contact with the air, it 
becomes white, and, as Vauquelin remarked, burns with- 
out becoming sensibly charred, and leaves a W'hite mat- 
ter, which produces a slight effervescence with acids. 

*I i 4? 
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This substance is found in the layers of bitumxnated 
in Thuringia, and, as has also been afurmcJ, with 
mineral pitch in Switzerland. Its nature was unknown 
until it was analysed by Klaproth, who found it to con- 
Sist of a peculiar acid, which has hence received the name 
of Mellitic Acid, united with argil*, — a discovery confirm- 
ed by Vauquelix\, wrho found it likewise to contain small 
portions of silex and lime f. 

The acid maybe extracted from this substance, merely 
by the action of water, the water being boiled on'^the 
honey-stone ; the acid is dissolved, the argil precipitates, 
and by evaporation the former can 'be obtained in a mass, 
which when subjected to the action of alkohol, so as to 
separate a portion of earthy matter, may be crystallize 
ed. Vauquelin procured it in his analysis, by adding the 
crystals of mellite in powder to a solution of carbonate of 
potassa : the mellitic acid combined with the alkali, dis- 
engaging the carbonic acid with eiFervescence *, and on 
* adding to the filtered liquor a little nitric acid to saturate 

( i 

the alkaline base, the mellitic acid was deposited in a few 
hours, crystallized in short prisms. 

The acid thus crystallized has a yellowish tinge, and 7^ 
slight acid taste, accompanied with bitterness. The co-. 
lour and the bitterness may arise from a little bitumen 
attached to it. Exposed to heat it swells up, emits a 
dense smoke, is charred, and leaves a light coal : exposed 
to the flame of the blow-pipe, it gives at first a few scin- 


* Analytical Essays, voL ii. p. 89. 
f Nicholson's Journal, 4*10, vol. iv. p. 515. 
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filiations like tliose of nitre, and is then quickly deCom« 
posed. It Is sparingly soluble in water. ^ 

Mellitic acid combines with the different salifiable bases, 
but these combinations have been only imperfectly examin- 
ed by the two chemists by whom the honey-stone was 
analyzed. Mellate of potassa crystallizes in prisms; the* 
cxystals obtained by Vauquelin, by the pveess above des- 
cribed, appear to have been rather super-meilate of potas- 
sa, than the pyre acid ; as when decomposed by heat, the 
coarwaj higiily allwiline. MclLite of soda crystallizes in 
cubes, and also in plates. The acid neutralized by am- 
monia, gives transparent six-sided prisms, which become 
opaque from exposure to ilie air. Added to the watery 
solution of barytes, strontites, or l:me, it produces imme- 
diately a preciplt.ue of a white powder, indicating the for- 
mation of an insoluble salt. If added, however, to mu- 
riate of barytes, it gives a precipitate in needle-like cry- 
stals ; and with a suluticn of sulphate of lime, a granu- 
lated and crystallized precipitate. With the solution of 
silver it gives a white silky precipitate ; with the nitric so- 
lution of lead, a white pulverulent very heavy precipitate ; 
with that of mercury, a wliite precipitate, which ammo- 
nia turns black ; and with that of irpn a yellow precipi- 
tate. 

VauquelJn has observed, that this acid Js in many of its 
properties very similar to the oxalic, and he appears even 
disposed to conclude in favour of their identity. The on- 
ly differences he found between them were, that the pre- 
cipitate which mellitic acid causes in the solution of sul- 
phate of lime, is less speedily manifested, and is crystal- 
line instead of being pulverulent, like that formed by the 
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«liper*oxalate (Sf£ potassa ; that it appears less acid to the 
taste than this acidulous salt ; and that it swells up rather 
more hy heat than it does ; — differences very trivial, and 
which may arise from slight causes. One difference, 
however, between the two acids, more ino port ant, after- 
* wards noticed by Vauquelin, is, that super-mellate of po- 
tassa, added to % solution of pure sulphate of argil, gave 
an abundant ilocculent precipitate, while super-oxalate of 
potassa caused no precipitation. 

Mellitic acid appears to be of similar composhion 
with the vegetable acids ; aflbrding, when decomposed by 
heat, carbonic acid, carburetted Ifydrogen, an oil some- 
what aromatic, a water slightly acidulous, and charcoal as 
a residuum. Vauquelin has observed, that it appears, like 
the oxalic acid, to contain a large proportion of oxygen, 
as in its decomposition it affords much carbonic acid, and 
only a small proportion of charcoal. Klaproth did not 
succeed in attempting to convert it into oxalic acid, by 
the action of nitric ^id. 
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T he chemical history of Animal, like that of Vege- 
table Substances, may be comprised under, three 
divisions. In the first may be considered, what relates to 
their formation, so far as this is dependent on chemical 
action. Under the, second may be described, the varieties 
of animal matter ; their chemical properties and combi- 
nations : And their history may be concluded, with an ac- 
count of the decompositions they suffer, and the sponta- 
neous changes to which they are liable, 


CHAP. L 


OF THE FORliATION OF ANIMAL SUBSTANCES. 

A Nimal, like vegetable substancesy arc formed ef a 
few simple principles ; the differences in their 
properties arising from variations in the proportionsy and 
in the modes in which these are combined. They arc 
equally susceptible of decomposition, or even more so ^ 
the balance of affinities whence they exist, being altered 
by very slight causes, and their principle^ easily entering 
into new combinations. 

There are certain chemical characters, by which the ani- 
mal are distiitguished from the vegetable products. They 
are, in pftx’ticular, more liable to that species of sponta- 
neous decomposition named Putrefaction- Vegetables in 
3 humid state, pass into the vinous or acetous fermentar 
lion, or suffer that species of decomposition whence car- 
bonic acid and carburetted hydrogen gases are disengagedj^ 
and charcoal remains. Animal substances are liable to 
none of these changes, or at least are little disposed to 
pass into them i they rather undergo the putrefactive ferr 
mentation,' or their elements enter into ne>v combinations, 
the principal of which are ammonia, and certain elastic 
fluids more compound than those formed in the decom- 
position of vegetable matter. 
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'Wlien vegetables are decomposed by heat) the products 
of the decomposition are empyreumatic oil and add, car- , 
buretted hydrogen, carbonic oxide, and carbonic acid 
gases, the residuum being charcoal. Some likewise afford 
ammonia, but it is yielded only in small quantity, and by 
a few of them. Animal substances, along with the usual 
products o‘f the analysis of vegetable matter, invariably 
afford a large quantity of ammonia when they are decom- 
posed by heat.. They give also some other peculiar pro- 
duefs, particularly compounds of sulphur and phospho- 
rus with hydrogen, the prussic acid, and phosphoric salts. 

These differences between the animal and vegetable 
products, arise from the difference in their chemical com- 
position. That of animal substances is more complicated 
than that of vegetable matter, as, besides carbon, hydro- 
gen, and oxygen, they always contain nitrogen, and ge- 
nerally phosphoruc and sulphur. The presence of these 
principles dividing the attractions subsisting between the 
carbon, hydrogen, and oxygen, weakens their force, and 
hence these complicated compounds are more^liable to 
decomposition, and their elements have a powerful ten- 
dency to enter into binary or ternary combinations. To 
this cause is owing the great susceptibility of decomposi- 
tion which characterizes the animal products. 

The peculiar products they afford by their analysis, de- 
rive their origin from those elements which are peculiar 
to tliem, or which are at least contained in less quantity 
and less generally in vegetable substances. The nitrogen, 
in particular, which may be considered as the principle 
that peculiarly gives them their character, by combining 
with hydrogen, furnishes the ammonia, whiph is formed 
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both during their putrefaction and their decomposition by 
, heat : it forms' a principal component part of the prussic 
acid, and it enters into the composition of the gases they 
give out. This predominance of nitrogen in animal matter^ 
is clearly shewn by the action of the nitric acid, which 
disengages it in considerable quantity, and, if the expe- 
riment be properly conducted, without the acid itself suf- 
■ fering any decomposition. 

Phosphorus is another substance present in the great- 
er number of the animal substances, and almost peculiar 
to them. During their decomposition it enters into new 
combinations, particularly with fiydrogen and nitrogen, 
and forms those compound gases, the extrication of which 
accompanies the putrefaction and decomposition by heat 
of those substances. If they are decomposed by the ac- 
tion of nitric acid, it is converted into phosphoric acid, 
and remains mixed, as Berthollet, in his observations on 
animal matter, shewed w'ith the oxalic acid usually 
formed in that process. On its presence also depends the 
abundance of neutral salts, formc*d by the union of the 
phosphoric acid w;ith the oxide of iron, the earths, and al- 
kalis, which are so generally afforded by their analysis. ^ 

Sulphur is likewise a component part of several ani- 
mal substances, and must of course enter into the com- 
position of the products of their decomposition. 

It may be added as another general difference in com* 
position between animal and vegetable substances, that 
the former ’contain less carbon, and more hydrogen than 
the latter. Carbon appears to be the base of vegetable 


♦ Memc^es de I’Acad. des ^Sciences, 348. 
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tnattcf) to which oxygen and hydrogen are attached. 
Hydrogen Is perhaps the principal component part of anU» 
mal matter combined with nitrogen, oxygen, carbon and 
phosphorus. Hence in the decomposition of animal sub- 
stanqes, much empyreumatic oil is obtained, of which 
^hydrogM is the chief constituent, while another portion of 
hydrogen is spent in the formation of* ammonia. The 
predominance of hydrogen in their composition is shewn 
by another fact, observed many years ago by Berthollet 
as characteristic of animal matter, that when acted on 
by nitric acid, along with the oxalic acid which is always 
formed, there is aLo a formation of a species of oily or 
fatty matter, derived no doubt from a combination prin- 
cipally of liydrogen with carbon *. In general, the ani- 
mal substances contain less oxygen than the vegeiabl^i 
as they afford much less acid by their decomposition. 

In investigating the formation of the animal products, 
there can be no doubt of the truth of the general pro- 
position, that they are derived from changes elFected by 
the animal system, on vegetable matter. All animals 
live directly or indirectly on vegetables, and derive from 
them their principal, almost their sole support. Before 
proceediiig, therefore, to the particular consideration of 
the animal products, it is necessary to take a general 
view of the process by w'^hich they are formed. This 
leads to the consideration of Digestion, Respiration, and 
Secretion, the three functions which compose, by their 
union, the process of animalization. Though these 


* Memoires de BAcad. des Sciences, 1780, p. 120. 
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functions are in some measure regulated by laws pecu^ 
,Iiar to the living system, these undoubtedly do not sus- 
pend ‘the exertion of the usual laws to which the matter 
concerned in them is subject. Affinities are exerted be- 
tween the particles of that matter, and new combinations 
are established ; and it belongs to chemistry, ii|erefore, 
to trace these eombinations and the circumstances by 
which they arc modified, and thus to elucidate the phe- 
nomena of physiology connected with these actions. 

An Important distinction exists between animals and 
vegetables, in the mode in which they receive their nou- 
rishment. Vegetables arc constaiitly absorbing matter 
from the soil : it immediately passes into the general sap- 
vessels, and is soon changed by respiration and secret 
tion. Animals, on the contrary, with very few exceptions^ 
take In food at intervals, and retain it in their stomach 
for a considerable time, where it undergoes a chemical 
change. It is this which constitutes the function of di- 
gestion, the first step in the general process by which ani- 
mal nnatter is formed. 

In the process of digestion, the food is subjected to a 
temperature usually above 90 of Fahrenheit ; it is mixed 
with the gastric juice, a liquor secreted by the glands of 
the stomach, and is made to undergo a moderate and 
alternate pressure, by the contraction of the stomach it- 
self. It is thus converted into a soft uniform mass of a 
greyish colour, in which the previous texture, or nature 
of the alimont, can be no longer distinguished. 

In the production of these changes, the gastric juice 
appears to be the principal agent. It has been proved by 
experiments of Stevens, Spallanzani, and others, that it 
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possesses a' real solvent powerj or that, independent of 

any heat or pressure, and even out of the body, it is • 

* * 

capable of dissolving animal and vegetable matter. At 
the same time, these circumstances must promote its ac- 
tion, aqd they must therefore be assistant causes in the 
process of digestion. In the graniverous animals, tritura- 
tion especially, from the action of the stomftich, has a very 
important share in reducing the food to that state in 
which it is more easily acted on ; while in carnivorous 
animals, which have a membranous stomach, the elTect is 
produced almost entirely from the action of the gastric 
fluid. 

It has often been observed, that whatever may be the 
kind of food, the pulpy mass into which it is resolved in 
the stomach is in appearance nearly the same. The nature 
of the change which it suffers, has been by no means 
w-ell ascertained. It does not seem to be resolved into its 
ultimate principles, from which new combinations are 
formed. The soluble parts of the vegetable and animal 
food, the mucilage, fecula, sugar and oil, of the one, the 
gelatin, albumen and other principles of the other, are 
rather only separated from the insoluble parts of each, 
and brought into a state of intimate mixture* with each 
other, so as to be more readily acted on by the other 
chemical powers to which it is to be exposed. It is at the 
same time partially animalized by the mixture of the 
saliva, and gastric juice, by which probably its further 
isssimilation is facilitated. 

The, chyme, as this pulpy mass into which the food in 
stomach is resolved is termed, passes by the pylorus 
into the intestinal canal, whe^e it is mued with the pan- 

Kk 
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creatic juice^ and the bile, and is still exposed to the same 
temperature and alternating pressure. The thinner parts 
of it are absorbed by the slender tubes termed the Lac- 
teals ; the liquor thus absorbed Is of a white colour : it 
passes dirough the glands of the mesentery, apd is at 
length conveyed by the thoracic duct into the blood. 

This part of the process is termed Chylification^ and 
the white liquor thus formed Chyle. It is an opaque 
milky fluid, mild to the taste. By standing for some 
time, one part of it coagulates ^ another portion is coagu- 
lated by heat. 

* t 

We know little of the nature of the changes which con- 
stitute Chylification. Some have supposed that the bile, 
or some part of it, combines with part of tlic food, and 
animalizes it •, while others suppose it to be only an excre- 
mentitious fluid, and to be useful in nothing but in stimu- 
lating the intestines to action. Neither opinion has been 
proved, though the former seems more probable than the 
latter, from the large quantity of bile secreted, compared 
with the quantity discharged from the intestines. We 
know still less of the changes which, the chyle suffers in 
its passage through the mesenteric glands ; but by the ge- 
neral process it is evident, that it is assimilated to the na- 
ture of animal matter, as it possesses the property of albu- 
men, of being coagulated by heat. 

The chyle, after mixing with the lymph conveyed by 
the absorbent vessels, is received into the blood which 

has returned from the extreme vessels, and before it pas- 

/ 

ses to the heart. All traces of it are very soon lost in the 
blood, as it mixes perfojctly with that fluid. It is proba- 
ble, however, that its natur^is not immediately complete- 
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ly altered. The blood passing from the heart is convey- 
ed to the lungs, where it circulates over a very extensive* 
surfice presented to the atmospheric air, with the inter- 
vention of a very thin membrane, whjch does not pre- 
vent j;heir mutual action. During this circulation} the 
blood loses a considerable quantity of carbon, part of 
which, ;it IS probable, is derived from the*iniperfectly assi- 
milated chyle, as this, originating in part from vegetable 
matter, must contain carbon in larger proportion than 
even the blood itself. In the process of respiration, we 
have also reason to believe, as I shall soon have to observe, 
that a portion of oxygen and anothe/of nitrogen arc re- 
ceived, which enter into the composition of the blood. 

The process of sanguification, however, is probably not 
yet completed. The blood .returning to the heart, is dis- 
tributed over the whole body. In the extreme vessels it 
undergoes a certain change, is converted from the arterial 
to the venous state, and though this is connected with the 
dillerent species of secretion, yet it is probable also, that 
in these vessels the process of animalizaiion is finished. 
There remains, as the result of it, a redundance of car- 
bon -j and the venous blood is again brought back to the 
heart, and convc yed to the lungs, where this excess of 
carbon is discharged. 

If we now examine the composition of the blood, we 
find it to be entirely different from that of vegetable mat- 
ter, from which it is ultimately derived. It is a hetero- 
geneous fluid, composed of various principles which we 
Can easily distinguish, and which all p.osscss the general 
characters of animal matter. 

K;k2 
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From this fluid the solids seem directly to derive 
• nourishment, by attracting immediately tbe principles 
which it contains ready formed ; for there is perhaps no 
solid in the animal body, of which not merely the ulti- 
mate, but even tlie immediate principles exist ip the 
blood « 

There isiinother process, however, that of Secretion, 
by which new products are formed. In the course of the 
circulation, the blood is conveyed to certain organs named 
Glands, and is there entirely changed in its chemical com- 
position, so as to form various products not pre-existing 
in the xpass of blood, and which form some of the most 
important varieties of animal matter. 

Various hypotheses have been given of the nature of 
this process. At one time it was regarded as merely me- 
chanical, as a species of filtration ; but the mere fact, that 
the products are entirely different from any existing in 
the blood, afford a sufficient refutation of this opinion, 
while it proves it to b^ strictly chemical. A fluid is re- 
ceived into certain vessels; in these its composition is 
changed, not merely from the abstraction of principles 
previously existing in it, but from new combinations of 
its elements. From the mere description of this process; 
therefore, it is evident, that it consists of a series of die-* 
mical actions. 

But if we further endeavour to investigate how these 
are eflFected, or inquire particularly by what powers these 
new chemical compounds are formed,’ we find ourselves 
engaged in a task of the most difficult kind. In the struc- 
ture of the glands we perceive nothing but a series of 
convoluted vessels, through *^hich the blood circulates, 
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&nd we are unable to discover, how the action of these 
vessels can operate so as to form on^ new product ; far , 
less, how different glands can, from the same fluid, form 
substances entirely different in their chemical composition 
and properties. 

Some physiologists have sought to solve this difficulty 
by sayinj,* that secretion is the effect of. the vital power 
of the secreting organ ; not aware, perhaps, that this is af- 
fording no explanation, but merely acknowledging an oc- 
culf cause. Digestion was, for a time, ascribed by those 
who were dissatisfied with the hypothesis of fermentation 
or of mechanical trituration to vital action $ and the pro- 
duction of animal heat was referred to the same cause. 
We now know, that these are the effects of processes 
strictly chemical. We have every reason to consider se- 
cretion in a similar point of view ; and it is sufficiently 
probable, that future investigations may ascertain its na^- 
ture, as satisfactorily as modern chemistry has discovered 
the cause of what must at one time have appeared as dif- 
ficult, the production and regulation of animal tempera- 
ture. 

It might be supposed, as one mode of solving these dif- 
ficulties, on chemical principles, that the matter of which 
the gland itself consists, exerts an attraction to* one or 
■ other of the elements of the blood, by which the order of 
.attractions being broken, new products may be formed. 
But the obvious objection to this opinion is, that the 
glandular matter must undergo a proportional change $ 
a change utterly incompatible with the office it was de- 
* signed to perform, or even with its eicistence as an orgOf 
Sliced part. 
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On a subject so obscure) it is impossible to giirc more 
than hypothesis ; and even that can be supported by lit- 
tle direct proof. Yet if it afford any tolerable explana- 
tion of the phenomena) it is always advancing one step, 
and may give rise to new views. . It may perluips be sup- 
posed) that the cause productive of the new combinations 
which constitute secretion is the simple approximation of 
the elements existing in the blood. That fluid is propelled 
by a vis i tergo into canals of the most astonishing minute- 
ness) the diameters of which are still farther diminished) 
from their alternate contraction from the stimulus of the 
blood. There can be no doubt, that, in compounds, the 
force of attraction subsisting between their constituent 
particles is modified by the distances at which these are 
placed ; and in compounds especially which consist of 
four or more principles, the slightest alteration in their 
relative situation is sufheient to change entirely their ex- 
isting attractions, and induce new combinations. The 
blood is a compound of this kind : its ultimate principles, 
too, ate capable of entering into an innumerable variety 
of combinations with each other. We may conceive, 
therefore, that, when subjected to the contraction of the 
extremely jninute vessels through which it is forced to 
circulate, the relative positions of its elements will be 
changed, their attractions will of course be altered, and 
new combinations formed. And if we suppose a fluid 
thus passing through tubes of di^rent diameters, and 
undergoing successive decompositions, we may easily 
conceive, that very difierent products may be formed 
from the same original compound. 

This affords a very simple view of the nature of score- 
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tion. No complicated apparatus Is requisite for the per- 
formance of the mere change, all that is necessary b^ng 
the propulsion of the blood through extremely minute 
vessels, capable of contraction. It has accordingly fre- 
tjuently been observed, that new products are in different 
cases formed without the intervention of glands ; such is 

the formatjon of the fat, of the solid fibre, and of various 
* • 
other par fs. It is easy to conceive, that the formation of 

these may take place in the extreme vessels, where these 

products are deposited ; and, in like manner, in the mere 

course of the circulation, may be formed the gluten, al- 

biHnen, and other principles of the blood itself. 

It is easy also to account for the variations to which 
secretion is liable, as the contractions of the vessels must 
vary, from variations in the state of their irritability, or 
of the stimuli which may be applied to them. 

From secretion a variety of products are formed, as the 
ibile, milk, fat, the bony matter, the matter of membranes, 
anil a variety of others. These complete the formation 
of animal matter, and compreltcnd its several varieties. 

Such are the different steps of the process of animaliza- 
rion. The food is digested in the stomach, mixed with 
animal matter in the intestine canal, and converted into 
chyle. This mingles with the blood) loses a pohion of car- 
bon in the lungs, and perhaps receives some oxygen and 
nitrogen : in the extreme vessels it is finally converted in- 
to the general principles of animal matter, and, in the 
glands, is converted into various secreted products. 

Since the different varieties of animal matter are thus 
tiltimately formed by the processes of digestion and res- 
piration^ it becomes an object of inquiry, whether, from 
jCk* 
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the principles known to be conveyed by these processeSf 
we can explain their formation. Their ultimate elements 
are carbon^ hydrogen, oxygen, nitrogen, sulphur, and 
phosphorus, with minuter portions of lime, iron, potash, 
and soda. Are these, or any of them, formed by tlie ani- 
mal system, or are they merely introduced into the body 
from without, and brought into new combinapons ? 

With respect to this question, so far as it regards the 
three first of these substances, carbon, hydrogen, and oxy- 
gen, there can be no difficulty. They exist in vegetable 
matter in a proportion even larger than that in which 
they exist in the animal products^ and it is evident, there- 
fore, that they are conveyed by the food. 

To trace the origin of the nitrogen in the animal sys- 
tem is more difficult. It exists in small quantity in ve- 
getable matter, and only in some varieties of it i and as 
many animals live entirely on vegetable food, and almost 
all may be brought to live principally on it, it is far from 
1>elng evident whence the nitrogen so abundant in the 
composition of both their solids and fluids is derived. 

It has been supposed to be received in respiration. Dr 
Priestley, in endeavouring to determine the chemical 
changes which the air suffers in that process, found rea- 
son to conclude, from his experiments, that an absorption 
of nitrogen took place *, and a similar conclusion appeared 
to be established by the experiments of Goodwyn. On 
the other hand, Lavoisier inferred from his experiments, 
at an early period, that the absolute quantity of nitrogen 
in the air received into the lungs remained unchanged. 
Mr Davy, in the course of his researches on the respira- 
. tion of nitrous oxide^ observed a diminution in the quai^- 



OF ANIMAt SUBSTANCES. 


521 

titjr of nitrogen air in the atmospheric air in ordinary 
ircspiration, and, as is afterwards to be more fully stated, 
concluded, that about five cubic inches of it disappear, or 
are absorbed by the blood, in the course of a minute. 
And this consumption of nitrogen appears since to have 
been established by the experiments of Pfaff This af- 
fords an ^undant source whence all the, nitrogen found 
in the animal system may be derived. It may be remark- 
ed, however, that the fact has been doubted by some phy* 
sioh)gists ; and it is not impossible that this nitrogen may 
have a different origin. It has been inferred, that vegeta- 
ble substances contain Vionc of this principle, tis they in 
general afford no ammonia in their decomposition by. 
hpat but if it be an element in the composition of acetic 
acid, as appears to be established, since this acid is one of 
the usual products of that decomposition, this inference 
will require to be corrected ; and a sufficient quantity of 
nitrogen may perhaps be contained ih the vegetable mat- 
ter used as food, to afford, by accumulation in the system, 
all that exists in animal matter. In all our researches on 
questions similar to this, it is also to be recollected, that 
the substances which we at present regard as simple may 
be compound ; and that, with regard to the present case, 
nitrogen may either be a compound substance, or may 
exist in the composition of others, which our imperfect 
knowledge ranks as elementary. 

Phosphorus is another substance which exists in spar- 
ing quantity in vegetables, and is contained much more^ 
abundantly in animal matter. Its origin is not less ob- 


r 
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scufe. Some have supposed, that it is a product of anW 
^ xnalization ; which appears not improbablei when we con- 
sider not only the proportion of phosphorus which exists 
in the solids that constitute the animal fabric, but farther^ 
the large quantity of phosphoric salts which are discharge 
ed as excrementitious. It appears, indeed, that a consi- 
derable proportion of it is contained in those varieties of 
vegetable matter which are chiefly subservient to animal 
nourishment. Vauquelin, as has been already remarked, 
found it in the farina of wheat, constituting, probaWyf an 
element in the composition of the gluten : the ashes of 
one pound of wheaten flour yielded about S I* grains of 
phosphate of lime j whence he has calculated, that a per- 
son taking one pound of this flour daily, would, in the 
course of one year, receive 3 lbs. Gf ounces of this salt* 
Many animals, however, live on food in which the exist- 
ence of this principle has not been established, those, for 
example, which feed on grass j at the same time, it is to 
be remarked, that the urine of these animals contains no 
phosphoric salts* An accurate analysis of the vegetable 
nutritious substances, with a comparison of the composi- 
tion of the solids and fluids of the animals which feed 
upon them, are still wanting to throw light on this sub« 
ject. 

The same difEculties exist with regard to lime and iron, 
the two principal remaining substances which enter into 
the composition of animal matter. There can be no 
”#doubt, however, but that both of them are found in al- 
most all the vegetable products ; and lime is contained in 
bvery kind of water which can be used by animals as 
drink. Tet facts have also been stated, in proof that they 
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arc formed In the process of anlniallzAtion. The strong- 
est, perhaps, is derived from the analysis by Vauquelin of ^ 
the eggs of a hen, compared with the food which the ani- 
mal received, from which it followed, that the quantity 
of phospliate and of carbonate of lime discharged was 
greater than what was contained in the food * ; whence 
it followc^, that both lime and phosphorus had been ge- 
nerated in the animal system. Others which have been 
stated are less conclusive : the argument drawn from the 
largie quantity of calcareous matter secreted by certain 
marine anim.ils, to form their shells, is evidently SQ, as a 
large quantity of lime in a state of combination exists in 
sca-watcr. And the experiments which have been stated 
to prove, that an egg, previous to incubation, contains less 
lime and less iron than the chick does immediately after 
it is Iiatchcd i*, arc too inaccurate to admit of any certain 
conclusion. This applies indeed, perhaps, to nearly all 
the researches on this subject. The general fact, that the 
greater part of those substances used as food by animals 
contain these principles, is perhaps sufficient to justify 
the belief, that tliey are introduced into the bocjy, and not 
actually formed 5 any analysis by which the question 
might be determined with more precision being liable to 
such diilicultics and sources of falkicy, that, as hitherto 
executed at least, it can afford no certain conclusion. 


* Annalcs dc Chimie, tom. xxix. p. 22. 
f Abcrnethy, Physiological Essays. 
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CHAP. IL 

OF THE ANIMAL PRODUCTS. 

T he animal, like the vegetable products, may, to a 
certain extent, be reduced to a certain numbeV of 
species or proximate principles, characterised by certain 
distinctive characters. Yet this* classification is much 
less perfect than it is with regard to vegetable matter ; 
we are far from being able to place under it the various 
animal solids and fluids ; and we arc therefore, in the pre- 
setit state of animal chemistry, rather compelled to give 
the history of these solids and fluids in the state of com- 
position in which they exist, introducing under them the 
description of such proximate principles as have been suf- 
ficiently defined. Under this arrangement, the history of 
the blood| the common source whence the varieties of 
animal matter are derived, must first be given, and is of 
much importance, as this fluid contains, already formed^ 
the three most common principles, albumen, gelatin, and 
fibrin. From the history of the blood, we proceed to 
that of the other fluids and solids, in tliat order best adapU 
ed to their various relations. 
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OF THE BLOOD. 

Blood, that fluid which circulates through the vessels 
of the aninial system, sustains life, and aflFhrds the princi- 
ples whence all its products are formed, varies consider- 
ably in its qualities, in the different orders of animals. In 
insects and some others, it is white or pellucid ; in the 
more perfect animals it is of a red colour. Its consistence 
is somewhat thick, and it has a saponaceous feel : it has 
a sweetish slightly saline taste, and a perceptible odour, 
more or less strong in different animals. Its specific gra- 
vity is from 1.03 to 1 . 05 . It is miscible with water, and 
is coagulated either by heat or cold. 

Though blood, as it circulates in the body, appears to 
be a homogeneous fluid, it appears under the microscope 
to be heterogeneous, or presents the appearance of parti- 
cles of a globular form, diffused through a liquid. On 
being removed from the body, in a short time too, the ap- 
parent uniformity of its composition is subverted : it sepa- 
rates into a fluid of a yellowish colour and slight tenacity, 
and into a coagulum more or less firm, of a dark red co- 
lour. This process is the Coagulation of the blood : the 
fluid part is the Serum, the solid the Clot or Crassamcn- 
tum. By a further examination, the latter is likewise 
found to be a mixture or very slight combination of two 
principles, — of a red colouring matter, soluble in water, 
and, therefore, abstracted by washing the crassamentum ; 
and of a white, solid, elastici and fibrous matter, which 
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remains. The former has been named the Colonring 
Matter, or the Red Globules of the Blood ; the latter the 
Gluten or Fibrin. The proportions of all these to each 
other, vary considerably in different animals, and in the 
same animal in different states of the system. 

The cause of that spontaneous change of the blood 
ivhich constitules its coagulation, is far from 'being well 
ascertained. Though it is retarded by motion, and by a 
moderate temperature being kept up, in other words, 

i 

takes place more readily when the blood is at rest, and 
when the temperature is allowed to fall below the natural 
heat of the blood itself ; yet it also takes place under the 
opposite circumstances, when it is agitated, ar.d when its 
temperature is riot reduced. Neither is the access of at- 
mospheric air necessary, as the coagulation takes place in 
vacuo^ as Mr Hunter ascertained. Experiments have 
been stated, particularly by Luzuriaga which seem to 
prove, that the coagulation takes place much more rapid- 
ly when the %lood is exposed to nitrogen, carbonic acid, 
or nitrous gas, than when exposed to oxygen or to hydro- 
gen gas. These facts seem quite anomalous, and point 
out no principle : and it has been affirmed by Mr Davy, 
that when blood is exposed to these and other gases, there 
is no marked difference in the times of coagulation f . 

Since the above circumstances have so little share in the 
coagulation of the blood, some have ascribed it to the 
evolution of some gas, which, while it remained in the 
vessels o/ the animals, w'as retained by pressure, and this, 

♦ Dissertatio Inauguralis, Edin. 1786. 

I Kescarclies on Nitrous Oxide. 
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escaping from the fibrin^ disposed it to coagulate. But 
this is confirmed by no fact. > 

The spontaneous decomposition of the blood in its coa- 
gulation! affords the easiest method of discovering its im- 
mediate or proximate principles ; and from our know- 
ledge of these! we are better enabled to determine the na- 
ture of the changes which re-agents produce on the entire 
blood itself. These principles) therefore) are first to be 
investigated. 

^rhe liquid formed by the coagulation) the Serum) as it 
is named) is a fluid slightly viscid and consistent, of a pale 
yellowish colour, and an insipid somewhat saline taste. 
Its specific gravity is about 1.028. It mixes readily with 
water in all proportions) losing, with a large proportion 
of water, its colour and taste. It is slightly alkaline, as it 
renders the syrup of violets green : this alkali, Rouelle 
discovered to be soda \ and muriate of soda is obtained, 
when muriatic acid has been added to serum, and the li- 
quid evaporated. « 

When the serum is exposed to a moderate heat, it coa- 
gulates, or forms a kind of consistent mass more or less 
firm, but still tremulous, with a portion of interposed 
fluid. This coagulation takes place at a temperature of 
160°, and it does not require the presence of the air. It 
is quickly produced, by adding to the serum two or three 
parts of boiling water \ but if the serum has been previ- 
ously much diluted with cold water, it docs not happen. 
It is also occasioned by the addition of a number of sub- 
stances, as by several acids, by salts having an excess of 
acid, by alkohol, and by several metallic oxides. 



528 


OF THE BLOO0. 


This coagulation^ especially as it is produced by he^t, is 
• a true analysis of the serum. As the substance which 
coagulates has all the properties of the white of an egg, 
it has been termed Albumen. It exists in many other 
animal products, and is indeed one of the most abundant 
proximate principles of animal matter, especially of the 
animal fluids and of the softer solids 5 it is therefore ne- 
cessary that its properties should be fully examined. 

Albumen, then, (of which the white of the egg fur- 
nishes us with the best example), is distinguished by *the 
following properties. 

It is soluble in water, and is again separated from it by 
coagulation, by the application of heat, by alkohol, by 
acids, and several metallic oxides. After its coagulation, 
it is no longer soluble in water, unless by long boiling. 
It has been observed, that the coagulum separated by al- 
kohol, is more soluble than that separated by acids ; the 
acid probably, while it precipitates the albumen, affording 
it a small portion of oxygen. It has been supposed by 
Fourcroy even, that the separation of this principle is al- 
ways owing to its receiving oxygep ; but the fact, that it 
is precipitated by alkohol, while it is not by several sub- 
stances containing much oxygen and yielding it readily, 
as the oxymuriate of potassa, the black oxide of manga- 
nese, and some others, sufHcicntly refute this opinion : nor 
is the cause of the coagulation of albumen well ascertain- 
ed ; but it appears from the change it suflFers at the same 
time in its properties, to be owing to some change in the 
combination of its principles. If albumen is dissolved 
in 8 or 12 parts of cold water, it is not coagulated bjr 
heat I but when diluted even with a large quantity, as 
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with 1000 times its weight, the liquor when heated, 
though not properly coagulated, becomes opaque 

Albumen is dissolved by the alkalis. Its solution by 
ammonia proceeds very slowly, and is completed only iii 
the course of several months. The solution is in the form 
of a viscid pulp, very porous, and of a much greater vo* 
lume than the original albumen. 

Pure potash or soda dissolves it with facility even ill 
the cold ; a quantity of ammonia is disengaged during the 
solution ; a grey powder is precipitated, and the liquor is 
of a dark brown colour. 

Acids dissolve albumen. In the concentrated sulphu- 
ric acid, the solution goes on slowly, and is completed irt 
a few days. In the nitric acid the mutual action is more 
rapid ; it can scarcely, however, be termed a solution : 
a large quantity of clastic fluid is discharged, and an oily- 
like matter is precipitated, soluble in alkohol. 

Albumen, when decomposed by heat, affords th* usual 
products of animal matter. It also contain# a portion of 
Sulphur. The effect of the white of an egg in blackening 
silver, has been long known ; and Parmentier and Deyeux 
found, that on triturating albumen with a solution of sil- 
ver, and digesting it in water with a gentle heat, sulphu- 
ret of silver is formed. Its residuum affords. phosphate of 
lime. 

In the analysis of animal matter, it is of considerable 
importance to have tests, by which minute quantities df 
albumen may be detected, as it enters largely, as an imme- 
^diate principle, into the composition of many animal pro- 

* Bostock, Nicholson’s Jburnal, vol. xi, p. 217. 
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ducts. The corrosive [muriate of mercury is one of the 
most delicate^ and at the same time the most accurate. 
If a very small portion of the albumen of an eggi which 
ha^ been previously mixed with two parts of water, be ad- 
ded to a large quantity of water, on adding a few drops 
of the solution of the corrosive muriate, a milkiness, 
and at length a precipitate, is occasioned. Dr Bostock 
found, that by this test, albumen diluted with 2000 times 
-its weight of water, was detected. The acetite of lead, 
(Goulard’s extract), and the nitrate of silver, likewise pre- 
cipitate it, but they are not such useful tests, as they act 
also on other varieties of animal matter, which the muri- 
ate of mercury does not A solution of tannin produ- 
ces with it, slowly, a yellow precipitate. 

When albumen has been coagulated, its properties, as 
has been already remarked, are considerably changed. It 
is no longer soluble in water : by drying it becomes brittle, 
hard, and semi-transparent, as Mr Hatchet, who has ex- 
amined it in this state f, has remarked. Digested in wa- 
ter, it becomes soft, but it docs not soon suffer any fur- 
ther change- It is changed by the action of the acids. Ni- 
tric acid,4n particular, appears, from Mr Hatchet’s expe- 
riments, to convert it into a matter analogous to gelatin. 
The alkalis dissolve it,* at the same time decomposing it 
and causing a formation of ammonia. 

Albumen, as has been remarked, exists not only in the 
blood, but forms a constituent part of many of the soft 
solids. Fro"m Mr Hatchet’s experiments, it appears to 


* Nicholson’s Journal, vol. xi. p. 247. 
t Philosophical Transactions, 1800, p. 37G. 
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form the basis of cartilage, shell, horn, and hair, and it 
enters into the composition of membrane, muscular hbre,^ 
and bone. 

If the coagulated mixture, obtained by the action of 
heat on serum, be gently pressed, there flows from it u 
liquor somewhat turbid, named the Serosity ^ it may be 
diluted with water, and rendered clear, by filtfarion. If 
it be then made to boil gently, on cooling it will become 
gelatinous, its consistence being more or less firm or tre- 
mTilous, according to the quantity of water that had been 
employed in its dilution. 

By this experiment/ then, we discover the existence of 
another proximate principle in scrum, — of a substance 
which is soluble in water, and which does not separate 
from that fluid on being heated, but forms with it a per- 
fect solution of a gelatinous consistence. By modern che- 
mists, this substance has been named Gelatin, and it forms 
a principal part of many of the animal solids, particularly 
of those that are membranous. It is from its presence, 
that the decoctions of animal matter, when of a certain 
strength, become gelatinous* The skin, cartilages, ten- 
dcfns, and the white solids in general, are principally com- 
posed of it 5 and decoctions of these, when the^ily matter 
has been separated, afford it in nearly a pure state, for the 
purpose of experiment. Glue, which is used in the arts^ 
on account of its adhesive property, and is prepared by 
boiling these substances strongly in water, is solid gelatip ( 
and isinglass, prepared from the membranous parts of the 
fturgeon, is the same principle in a pure form. 

Gelatin is discovered in the serosity, not only by the 
property of forming a jelly by dccocLion> but likewise by 

L12 
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the appearances produced by re-agents. If the infusion 
^of galls or any other vegetable containing tannin be add*^ 
ed, a flocculent yellow or brown precipitate is formed $ 
send the proof that this is owing to the gelatin contained 
in the serum is^ that the appearance is precisely the same 
as is produced by the addition of the same re-agent to a 
solution of pure. gelatin. Tannin is by far the most de- 
licate test of gelatin. One part dissolved in 5000 of wa- 
fer was found by Dr Bostock to be discovered by the tur- 
bid appearance, and even the precipitation, produced 1)y 
the infusion To render it accurate, however, it is ne- 
cessary to attend to the circumstance, that tannin likewise 
produces a precipitate wish albumen. This, however, i^ 
much less evident ; and the distinction between them is 
likewise easily established by the use of other tests. Thus, 
a solution of corrosive muriate of mercury, or of that 
form of acetate of lead known by the name of Goulard's 
Extract, does not affect gelatin, while it renders the solu- 
tion of albumen immediately turbid. 

The proportion of this principle which is necessary to 
give to water the gelatinous consistence, appears to be- less 
than one part of gelatin to 150 of water. Even when fhe 
consistence is most firm, the whole becomes liquid when 
the temperature is raised, and again gelatinates as it 
cools. 

Alkohol precipitates the gektin from the serosity, but 
on heating the mixture sufficiently, the gelatin is re-dis- 
solved. 

The acids dissolve gelatin readily, and, at the same 


* Micbokon’s Journal, voL. xi, p. 25(h 
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timei decompose it. Nirric acid disengages a portion of 
nitrogen, less considerable, however, than ^hat is yielded ' 
by some other animal substances from the same treat- 
ment : oxalic acid is at the same time formed, with a lit- 
tle orly matter. Sulphuric acid chars it. Oxymuriatic 
acid, transmitted in the state of gas through a solution of 
it in w.at£r, converts it into a white concrete matter, not 
soluble in water, and whic|i Lagrange considered as ge- 
ladn oxygenized 

The alkalis dissolve gelatin. The solutions of barytes, 
lime, and strontites, produce in its solution a milkiness, 
owing, according to Fourcroy, to the precipitation of 
phosphate of lime. Some of the metallic oxides commu- 
nicate oxygen to it ; and a number of the metallic salts 
cause precipitates to fall from its solution. 

Gelatin is decomposed by heat. It affords carburetted 
hydrogen and carbonic acid gasea, carbotnate of ammonia, 
and cmpyreumatic oil, the residual charcoal containing 
phosphate of lime. It is very liable to putrefaction. 

‘ If the liquor remaining after the albumen and gelatin 
have been separated from the serum be examined, it is 
found to be little more than a solution of certain saline 
substances. Of these the principal is soda ; and as no 
eifervcscencc is produced on the addition of anacid, it is 
concluded to exist in the serum pure, or not combined 
with carbonic acid. Muriate of soda, phosphate of soda, 
and phosphate of lime, appear likewise to exist In the se- 
rum in smaller quantity, and are discovered by the preci- 
pitates produced, by peculiar tests, and particularly by the 


^ Nicholson's Jo drnal, voU xiiij, p- 209. 
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nitrates of silver and mercury, When a solution of'ni- 
* trate of mercury is added to it, a red-coloured precipitate 
is formed, which, according to Fourcroy, is principally 
phosphate of mercury. 

Such, then, is the composit'on of the serum of the blood, 
as indicated by a very simple analysis. It is composed of 
two distinct principles, albumen and gelatin, dissolved in 
water, which likewise holds in solution pure soda, with 
muriate and phosphate of soda, and phosphate of lime^ 

From the composition and properties of these several 
products, we perceive the nature of the changes wliich the 
scrum exerts upon certain chemical agents, or suffers 
from them. * Thus, from the soda it contains, it changes 
the vegetable colours to a green j it gelatinizes from eva- 
poration ; it is coagulated by heat, by alkohol, and acids, 
from the coagulability of the albumen ; it is rendered 
thinner by the alkalis, from the solvent power they exert 
on the albuminous matter *, gives a copious precipitate 
with tannin, from the combination of that principle both 
with its gelatin and albumen ; it reduces several of the 
metallic oxides when digested with them, and passes itself 
to the solid state, — a change probably owing to its albu- 
men attracting oxygen ; it putrefies on exposure to heat, 
from the spontaneous decomposition of its principles, espe- 
cially of its gelatin, which is even more disposed to putre- 
faction than the albumeft. And when decomposed by 
heat, it affords carbonate and prussiate of ammonia, with 
an empyreumatic oil, carburetted and sulphuretted hydro- 
gen gases, with carbonic acid gas ; its residuum being 
charcoal, containing the salts which have been already 
fnentioned as being dissolved in this fluid. 
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T3ie properties of the Cras?amenlum, or solid coagulum 
-of the blood, are next to be considered. 

This is of a dark red colour : by exposure to atmo- 
spheric air, or to oxygen, it acquires a more florid red 
hue, and, on the contrary, it becomes much darker on 
being exposed to hydrogen, carbonic .acid, or indeed any 
other gag, carburetted hydrogen excepted, which like 
oxygen gives it a more vivid colour. In all these cases, 
the gas by which the change is effected seems to be ab- 
sorbed, though not ill any considerable quantity. These 
changes take place, even when the coagulum is covered 
with serum. The change of colour is confined nearly to 
the surface ; the crassamentiini, when rendered florid by 
exposure to oxygen, appearing of a dark colour internally, 
when it is cut into. 

. The crassamentum exposed to the air dees not imme- 
diately putrefy : it retains its colour .and consistency for 
several days, if the tenfperature of the air is not high. 1£ 
it be exposed to a moderate warmth, it is dried : it retains 
ks dark red colour, and, if kept in a dry place, may be 
preserved for a long time without decomposition. 

The coagulum still retains in its substance a quantity 
of serum, which gives it particular properties. Thus, if 
k be thrown into boiling water, it renders the water 
opaque, from the coagulation of part of the albumen of 
the serum : from the same cause, its consistence is in- 
creased by digestion in alkobol,or by the afiiision of acids, 
while the alkalis soften and dissolve it. Nitric acid dis- 
solves it, and renders it black. 

The crassamentum, exposed to heat, afibrds the same 
woducts as other animal substances s and the charcoal, 

L 1 4 
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which 18 the residuum, contains a quantity of iron, with 
\ salts having lime and the alkalis for tl^eir bases, and con- 
taining phosphoric acid. 

After noticing these general properties of the crassa- 
mentum, it is to be observed, that it is not a homogeneous 
substance, but consists of two principles mixed together, 
or very slightly united. These are easily separable. If 
the crassamentum is washed with water, by inclosing it 
in a linen bag, immersing it repeatedly in water, and, at 
the same time, pressing it gently, the water acquires a 
deep red colour, and there remains a fibrous matter, near- 
ly perfectly white. 

By this simple analysis, then, the crassamentum is re- 
solved into two distinct principles, — a colouring matter, 
carried off by the water, and another solid fibrous sub- 
stance, which remains. The former is named the Colour- 
ing Matter of the Blood, or Red Globules ; the latter, 
the Gluten, Coagulable Lymph, M^r now more generally 
the Fibrin. . 

The colouring matter, from microscopical observationsi 
has been supposed to consist of round globules, which 
^me have even imagined to be organized. It is soluble 
in water, but, after some time, a deposition takes place 
from this solution. At the temperature pf 170^ it like- 
yrise loses its colour, and brown fiocculi are deposited. 

4 This matter sepms to be that upon which the gases act 
with peculiar energy. If it is exposed to atmospheric air, 
pr oxygen, or eyen to substances capable of affbrdiiig to 
it oxygen, if, for instance, oxide of mercury is diffused 
^rough its watery solution, it acquires a florid hue : if 
l^j^Qsed to b^rdrogen or carbolic acid^ it is siiid to becon^ 
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of brown or dark red colour. I have not observed^ how* 
ever, any change of colour by passing through it carbonic 
acid gas. 

The coagulum formed from the crassamentum by the 
heat of a water-bath niay be dried, so as to be rendered br{t<c 
tie and pulverulent. Alkohol digested on it In this state 
dissolves a small portion, and assumes a red colour. The 
acids, if added to the soft crassamentum, darken it, and 
produce a partial coagulation. The alkalis dissolve it« 
From these properties, it appears to approach to albumen^ 
with which some principle is combined, communicating 
to it colour. 

This principle has been recognised to be iron. The 
existence of this metal in the blood had been known to 
chemists. Menghini discovered, that from blood dried by a 
very gentle heat, it could be extracted in a magnetic state« 
Bucquet found, that the colouring matter separated from 
the crassamentum, dried and decomposed by beat, gave a 
residuum, the colour of which depended on iron. Sage 
supposed, that the iron existed in the blood in combina- 
tion with phosphoric acid } and Fourcroy and Vauquelin 
have given experiments, by which they suppose tliis to be 
established. If the colouring matter obtained from its 
solution in water, be decomposed by beat, a residuum of 
a dark ted colour is obtained, amounting to 0.0045 of the 
blood employed, and which contains some foreign matter 
besides iron. If this residuum be digested in nitric acid, 
a part of it is dissolved, leaving another part more red 
than before. Ammonia poured into this solution affords, 
a white precipitate, which when treated while wet by pure 
potasssj loses weight, and assumes a daiik red colour ^ 
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and lime-water added to this alkaline solution forms a 
precipitate of phosphate of lime. To understand, conti- 
nues Fourcroy, how (he phosphate of iron which this 
analysis shows exists in the blood is in a state of soliitioni 
by means of the soda which that fluid likewise contains, 
it is necessary to remark, that this compound may exist 
hi two states ; the one, the neutral phosphate, of a grey 
colour, pearly, insoluble in water, and soluble in acids,— 
the other, sub^phosphate, or phosphate with an excess of 
base, of a brownish red colour, less soluble in acids, but 
soluble in alkalis. It is in this latter state of phosphate 
•supersaturated with oxide of iron that it exists dissolved 
ip the bloodj— a state in which it is maintained by the 
action of the soda. These chemists accordingly found, 
that this sub-phosphate of iron is dissolved in the serum 
of dy blood, or in the white of an egg, even without 
heat, and that it forms a strong red colour similar to that 
of the blood. A little pure alkali accelerates this solu- 
tion, and renders its colour more perfect and lively 
The principles contained in the colouring matter of the 
blood seem to exert a considerable action on metallic ox- 
ides. Vauquelin found, that copper was very easily disr 
solved by it. 

According to the view now given, the colouring mat- 
ter of the blood consists of albumen, with perhaps a por- 
tion of gelatin, united with soda, and sub-phosphate of 
iron. From its decomposition by heat, there are also ob- 
iained some other saline matters, principally phosphates 
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and muriates> which are probably^ howeverj not very es^ 
sential to its composition. 

The Fibrin is the white solid matter that has formed 
the basis of the crassamentum, and from which the co- 
louring matter is carried ofF by washing. It can also be 
obtained from the general mass of blood itself, by agita- 
ting it wiih a stick in an open vessel : the other principles 
are intimately mixed together, and the fibrin adheres to 
thc^ stick. It also forms those concretions named Poly- 
pi, which are found in the vessels of animals after death ; 
and in certain diseases, Jt is disposed even in a very short 
time to separate from the other principles, when it gives 
rise to the appearance named the Inflammatory Crust, or 
BufFy Coat. It is it which gives to the blood the property 
of coagulating spontaneously. It is contained In it in con- 
siderable quantity, amounting, according to Fourcroy and 
Vauquelin, at a medium, to 0.0028, though the propor- 
tion varies |i|iriderably. It is also contained in many 
other of the^B^al products, as in the muscular fibre, of 
which it forms the basis, and is one of the best defined 
proximate principles of animal matter. 

Fibrin is a solid white substance, free of taste or smell, 
and of a fibrous texture, as is discovered by the micro- 
scope, tough, and somewhat elastic ; it hardens and con- 
tracts much, on exposure to a very moderate heat, and be- 
comes wrinkled like parchment. It is entirely insoluble 
in water, except at such a high temperature as that which 
is obtained by pressure in Papin’s digester. Moistened 
with water, it very soon softens, swells, and begins to pu- 
trefy : it suflFers a similar change inra damp atmosphere. 
This, however, applies only to the fibrin of blQod, which 
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lias probably some other matter attached to it : for Mr 
Hatchet foundj that fibrin obtained by repeatedly washingi 
and cfen boiling the muscular fibre with water, is not 
rery liable to putrefaction. 

Fibrin is dissolved by the alkalis, but is at the same time 
decomposed. Pure potassa or soda acts upon it readily, 
even at the common temperature of the atmosphere, and 
forms a kind of soap : vapours of ammonia are disenga* 
ged, and a greyish matter is precipitated, which is carbo- 
naceous* Ammonia requires a temperature equal to 170% 
to enable it to act on the fibrin ; it then dissolves it with 
facility. 

The acids exert a considerable action upon fibrin. Mu- 
riatic, acetic, and several of the vegetable acids, dissolve 
it^ the solution is decomposed by the* alkalis,, and even 
by water ^ but the precipitate has no longer the properties 
of the original matter, being, in particular, soluble in* wa- 
ter. The sulphuric acid decomposes it, down 

U carbonaceous powder, and forms aceta^mid. Nitric 
acid, diluted with a large quantity of ilvater, disengages 
from it a large quantity of nitrogen gas, which proceeds 
entirely from the fibrin, as it was ascertained by Berthol- 
let, who first observed the phenomenon, that the acid is 
not decomposed. The residuum, in this case, is princi- 
pally oxalic acid, with a small portion of malic and acetic 
acids, and a portion of fatty matter. When the nitric 
acid is undiluted, it sufiers decomposition, and nitrous 
^s, mixed with nitrogen, is disengaged. The action of 
nitric add, however, <m fibrin, is much diversified, ac- 
eturding to its dilution and state of concentration. If the 
( action be sloiv't the fibrin, as Mr H;itchet found, passes in- 
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to a state some^^hat analogous to gelatin *. If lieat is ap<t 
plied, prussic acid is formed : and in this case too it ap« 
pears, ftom the experiments of Fourcrojr and Vauquelin 
on muscular fibre, to be afterwards stated, that a peculiar 
principle, yellow, bitter, and acrid, is also formed. 

Fibrin, exposed to heat, is soon decomposed. An em^ 
pyreumatlc oil, of a very ofTensive smell, first distils ovefy 
which is followed by carbonate of ammonia, and very 
foetid gases, which are probably triple compounds of hy^** 
drd^en with nitrogen and phosphorus : a charcoal remains, 
dense and brilliant, difficult of incineration,, and contain* 
iiig phosphate ami carbdnate of lime. 

The three principles which have now been described 
as existing in the blood, — albumen, gelatin, and fibrin, 
and which enter so largely into the composition of animafl 
matter, have a resemblance in their properties and also in 
composition ; but, with regard to both, they are still easir 
ly distinguished. Thus, with respect to properties, inde- 
pendent of otiter material difTcrences, there is one simple 
character which serves to distinguish them, drawn from 
the manner in which they are acted on fay water : gelatin 
is s6luble in cold water: the solution, when evaporated, be* 
comes gelatinous } and if this jelly be dried, it is still 
again equally soluble. Albumen is likewise soluble in wa« 
ter, but whenever the temperature is raised to 170®, it 
parates by coagulation, and this coagulum is not^ agxiit 
soluble. Fibrin is clearly distinguished, by being entire^ 
ly insoluble in water, at any temperature, under a €om4 


* Pliilosephical Transactions, 1800, p. S91» 
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mon atmospheric pressure. The modes !n which these 
substances arc acted on by the acidS} alkalis^ and other che« 
mical agents, are also entirely difierent. 

These three principles likewise differ in their composi- 
tion ; for though they seem to consist of the same ulti- 
mate principles, of nitrogen, hydrogen, oxygen, carbon, 
phosphorus, and perhaps sulphur, yet these differ at least 
in their proportions. The difference seems to "be princi- 
pally in the proportion of nitrogen. When treated by ni- 
tric acid, gelatin is found to yield the smallest proportion 
of nitrogen gas : albumen more ; and fibrin a quantity 
considerably larger than cither. It seems, therefore, to 
be the most animalized product. It appears also to con- 
tain the largest quantity of carbon, as the charcoal left in 
its decomposition by heat is more abundant, according 
to Mr Hatchet's observation, than that from albumen or * 
gelatin. Sulphur seems peculiar to the composition of al- 
bumen. 

After thus pointing out the immediate principles of 
which the blood is composed, it remains to state the che- 
mical properties of the entire fluid. 'Fhese are of course 
derived from these principles, and from our knowledge of 
them may, in general, be easily understood. 

Blood newly drawn, is perfectly soluble in water, or it 
can be diffused through it without any alteration, and 
this dilution prevents its spontaneous coagulation. If the 
mixture, however, be heated, flakes separate, consisting 
of the albumen, and the colour is changed to a brown. 
The liquor, separated from the coagulum, yields, accord- 
ing to Fourcroy, a yellow bitter matter, by evaporation. 
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Acids added to blood, immediately decompose it ; they 
render its colour darker and brown, and produce coagu- ^ 
lation. The nitric acid disengages nitrogen gas ; the Qxy« 
muriatic acid renders it perfectly black. 

The alkalis, instead of coagulating the blood, render it 
more thin and liquid, and prevent its spontaneous coagu- 
lation, evidently from their solvent power on the albumen 
and fibrin. 

The neutral salts frequently alter the colour of bloody 
anM a number of them retard its coagulation. The me- 
tallic salts, in general, decompose and coagulate it : alko^ 
hoi, and even some of * the vegetable principles, as starch 
and gum, likewise produce coagulation ; tannin thickens 
it and renders it black. 

When the watery part of the blood is withdrawn by 
gentle evaporation, a mass is obtained of a dark brown 
colour, wliich, if kept in a humid state, soon passes into 
putrefaction, and evolves very offensive products. If 
dried more thoroughly, it is obtained in the state of a 
black powder, somewhat unctuous, and which in a dry 
atmosphere may be preserved witli little alteration. When 
exposed to heat it softens, swells, and in the open air 
inflames feebly> exhaling a very foetid smoke. The 
products in this decomposition are, according to Four- 
croy, first an ammoniacal liquid ; secondly carbonate of 
ammonia, and a dense foetid vapour, oily and inilamnaa- 
ble : after these the vapour of prussic acid is recognisable 
by its smell, and lastly phosphoric acid. The residuum con- 
sists of oxide of iron nearly reduced, and perhaps in the 
state of carburet, phosphate of lime and murlafe of $oda« 
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^ foimed in close Vesselsi there first distils over a quanti- 
ty of water of a faint odour, and which very soon be« 
comes putrid ; when urged by a stronger heat, a liquid 
bolding dissolved carbonate of ammonia mixed with oil : 
this oil comes over more copiously as the decomposition 
proceeds, is thick, of a dark colour, and foetid ; it is ac- 
companied and followed by catburetted and sulphuret- 
ted hydrogen gases. The coal which remains in the re- 
tort is spongy, of a brilliant semi-metallic appearance, 
' and difficult of incineration; it contains, along with 
charcoal, iron nearly reduced, phosphate, muriate, and 
carbonate of soda, and phosphates of iron and lime. 

The preceding chemical history of blood has no refer* 
ence to the different states in which it exists in the ani- 
mal system. It is to be observed, however, that there 
are such differences ; that the blood in the arteries of 
Bn animal is no\ the same as that in the veins ; and the 
iiatttte of this difference is now to be explained. This 
if^dttdes the chemical history of the function of respi- 
tation^ by which the conversion of venous to arterial 
blood is effected^ 

The blood which returns to the heart by the veins, 
from the extremities of the arteries, is of a dark red co- 
, lour verging to purple. When received into the right 
Inmtricle, it is immediately thrown into the pulmonary 
aartery, and is thus conveyed to the lungs. Iii these it cir- 
etdates through extremely minute vessels, over a surfaci^ 
Mitch it has been Calculated ia at least equal to the whole 
Mtfflial Surface of the body. .During this circulation^ in 
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whi^h it is exposed to the atmospheric ^ir, alternately 
taken in and thrown out by respiration, it changes its co- • 
lour, becoming of a much more florid red. It is then re- 
turned by the pulmonary veins to the left side of the 
heart ; is thrown from it into the aorta, and distributed 
through the arteries over the whole body. In the arteries 
it still preserves its florid red hue ; but, in their minute 
extremities, it sufiers a change opposite to that which 
it had sustained in the lungs : it acquires the purple 
hue, and constitutes venous blood, which is again im- 
mediately returned to the right side of the heart. While 
life exists, this circle is run, and these reciprocal changes 
produced. 

When WT examine chemically the properties of arterial 
and venous blood, wc find no other diflereiice between 
them than that of colour. They contain the same princi- 
ples, and are subject to prccisely.the same changes from 
chemical agents. 

The mere difference of colour, liowevcr, points out 
some difference in their composition, though it may be 
too slight to be discovered by analysis ; and when we ex- 
amine the phenomena of respiration, which are intimate- 
ly connected with the change of venous to arterial blood, 
we find, that such a difference must actually exist. 

In respiration, a quantity of atmospheric air is received 
into the lungs, and retained for a short time. When ex- 
pired, on examining it, its composition is found to be al- 
tered. It has lost a considerable part of its oxygen, and 
it contains a quantity of carbonic acid* The changes 
which it has suffered arc inseparably connected with the 
ronversion of the venous into arterial blood, and con^c- 

M ni 



546 


«F THE BLOOD. 


quently must be accompanied with correspondent changes 
in the composition of that fluid. 

Tins is the subject, then, which is to be considered,— 
the chemical changes produced in the blood by respira- 
tion, from which may likewise be inferred the opposite 
change which it suffers in the extreme vessels. 

The first point to be determined on this important 
subject is the changes which the atmospheric air suffers 
in the lungs. 

Dr Black had observed, that the air expired from the 
lungs contains a quantity of carbonic acid, as was evi- 
dent from the milkincss he found it to produce when 
transmitted through lime-water. Dr Priestley some years 
afterwards considered respiration as analogous to what he 
named phlogistic processes in general, that is, to. process- 
es in which oxygen is consumed ; the air, in respiration,^ 
being diminished in weight and volume, and being no 
longer capable of supporting combustion or respiration. 
Lavoisier very soon after ascertained with more accuracy, 
by experiment, that, during respiration, the oxygen of the 
inspired air is in part consumed, and that, in that process,' 
carbonic acid is formed. 

When these discoveries were made, it became an ob- 
ject of importance to determine with accuracy the extent 
of these changes ; in other words, the quantity of oxygen 
consumed, and that of carbonic acid produced. With 
regard to this, however^ the results of the experiments of 
dlfferenf chemists have been extremely discordant \ and 
there are peculiar sources of fallacy to which they are 
subject, which it is difficult completely to obviate, the 
changes themselves being Ijable to be influenced by the 
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etata of the circulation, the nature of the food, the state 
of the assimilatory organs, and the temperature, all of ’ 
which it is not easy to obtain uniform. The experiments, 
too, have often been performed in an improper manner, 
not on natural respiration, but on air repeatedly inspired ; 
or even by confining an animal in a quantity of air, when 
there was not only this source of error, but another not 
less important in tlie effects of cutaneous transpiration. 

The first experiments that were made with the view of 
determining tlie proportion of oxygen consumed, to that 
of carbonic acid formed in respiration, were those by 
Crawford and by Lavoisier. Crawford found, that wdicn 
40.86 cubic inches or 20.1 grains of carbonic acid gas 
were formed, 56.86 cubic inches or 18.9 grains of oxygen 
were consumed * ; and Lavoisier obtained, by a similar 
experiment, a result not far different, 26 grains (English 
weight) of carbonic acid being produced, when 23.2 grains 
of oxygen were consumed f : in both cases, therefore, a 
larger proportion of oxygen disappearing than was neces- 
sary to form the quantity of carbonic acid expired, on the 
common calculation of the composition of that acid, that 
it consists of 72 of oxygen and 28 of carbon. The expe- 
riments, how'ever, were made in the exceptionable man- 
ner of confining an animal in the air respired, and, for 
the reasons already stated, cannot therefore be relied on 
as indicating the proportions of the changes in natural 
respiration. 

Dr Goodwyn, by examining the air received into the 


* Crawford on Animal Iltat, p. 347. 
f Annales dc Chinlie, tom. v. p, 264. 
Mm2 
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lungs in one inspiration, found, that when twelve oubic 
* inches were breathed, the air expired was found to have 
lost 1.56 of oxygen, while it had acquired 1.32 of car- 
bonic acid $ so that when 1 1 parts of carbonic acid wer^ 
produced, 13 parts of oxygen by measure were consum- 
ed-, or, for the sake of comparison with other experi- 
ments stating the consumption of Oxygen at 100, the pro- 
duction of carbonic acid was to the extent of 81.6 *. 
More confidence may be placed in this result, as it 'is 
free from the sources of error to which the preceding ex- 
periments are liable, though stiH it might be liable to 
some fallacy, from the small quantity of air operated on, 
particularly from this quantity being not the whole of 
what is submitted to the action of the blood in the lungs 
in a single respiration. 

Priestley, in some experiments subsequent to those 
which he first made on respiration +, found the propor- 
tion of oxygen consumed to that of carbonic acid formed 
still higher than the proportions above stated. He breath- 
ed repeatedly in 100 ounce measures, or 189.8 cubic 
inches of atmospheric air : the volume of the air was re- 
duced to 71 ounce measures: 20.7 ounce measures, or 
12.4-2 grains of oxygen had disappeared, and 6 cubic inch- 
es, or 4.4 grains only of carbonic acid were found in the 
residual air 5 this, according to the usual estimate, contains 
only 3.3 grains of oxygen, and not less than 9.12, there- 
fore, had been farther consumed. The difference of this 
result with those of others, and the great diminution of 
the volume of the air, must render the accuracy of the ex- ^ 


Connections of Life 'with Respiration, p. 51- 
t Philosophical Transactions, voL Ixxx. p. lOS. 
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periment very doubtful ; and what proves this, indeed, is, 
that in another experiment only 7.8 of oxygen dis ippear- ^ 
cd, when 4.4 of carbonic acid were formed. Probably 
from the repeated forcible inspiration of the same air, a 
quantity of it had been absorbed, or, at the concluding 
expiration, the due proportion had not been thrown out 
from the lungs. 

In a memoir on respiration, in the Memoirs of the Aca- 
demy of Sciences for 1789, by Seguin and Lavoisier, it is 
briT'fly stated, that, from experiments by the former che- * 
mist made upon himself, the mean consumption of oxy- 
gen in respiration is at \he rate of a cubic foot an hour, 
which, in tlie course of twenty-four hours, amounts to 
2 lbs. 1 oz. 1 dr. and that, in the same time, the quanti- 
ty of carbonic acid formed is equal to 2 lbs. 5 oz. 4 dr, 
•which gives a proportion of 100 of oxygen consumed to 
1 12 carbonic acid formed *. Bat in a second memoir, in 
the Transactions of the Academy for 1790, a very difFer- 
ent result is given ; the consumption of oxygen by respir- 
ation is stated at a little more than 22 cubic feet in twen- 
ty-four hours, (38.413 cubic inches), or 33 ounces 1 dr. 
and 10 grains ; while the quantity of carbonic acid form- 
ed in the same lime is stated at only 8 cubic feet 6 cubic 
inches, or 17 ounces 7 dr. 4 grains, which is in the pro- 
portion of 100 of oxygen consumed to 51.5 of carbonic 
acid formed f. Such a discordance prevents much confi- 
dence from being placed in either result, and as the ac- 
count given of the experiments is brief and imperfect. 


* Mcmoircs de PAcad. des Sciences, 1789, p. 577. 
t Ibid. 1790, p. 609. . 
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owing to the circumstances under which it was dfawn 
» up, it is in vain to seek to reconcile them 

The experiments of Mr Davy on this subject were made 
with an apparatus well adapted to measure with accu- 
racy the volumes of the air operated on ; and as they were 
also performed on natural respiration, they appear scarce- 
ly liable to any source of error. It follows from them, 
that when 31.6 cubic inches of oxygen are consumed, 
which is in the course of resplratioti for a minute, 26.6 
^ cubic inches of carbonic acid are produced, or the con- 
sumption of the former is to the production of the latter 
in the ratio of 100 to 84*. 1 f. This result as to the pro- 
portions agrees almost precisely with that established by 
the experiments of Goodwyn. 

Some years ago, and prior to Mr Davy’s experiments, 

1 performed some in a similar manner, of which I read an ' 
account to the Medical Society of Edinburgh J. A large 
thin varnished bladder was furnished with a stop-cock, 
and by a little practice I acquired the facility of inspiring 
from the external atmosphere and into the bladder; the 
stop-cock connected with it being shut at the inspiration, 
and being opened, by turning it with one hand while the 
nostrils were closed with the other, at the succeeding ex- 
piration. The quantity of air expired, amounted in thirty 
seconds to 265 cubic inches : by transferring a portion of 

* These were the last labours of Lavoisier. He fell a victim 
under the sanguinary tyranny of Robespierre ; and he in vain 
requested a short time to enable him to complete these important 
researches. 

f Researches on Nitrous Oxide, p. 434*. 

Records of the Medicaj Society, for 1798. 
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it through quicksilver, and exposing it in a graduated jar> 
to a solution of pure potassa, the quantity of carbonic acid , 
it contained was discovered; and from this the ciuantity 
contained in the whole expired air, when brought to the 
mean atmospheric pressure and temperature, was found 
to amount to 16.57 cubic inches. From this a small de- 
duction must be made, for the quantity of carbonic acid 
gas previously contained in the air inspired ; the precise 
amount of this it was not easy to determine, by experi- 
m?nr, with accuracy : but it may be supposed to be about' " 
equal to the above fractional parts, and the real quantity 
may be stated, therefore, at 16 cubic inches. The oxy- 
gen in the residual air, after the carbonic acid had been 
abstracted, was found, by various cudiometrical methods, 
10 be equal to 17.8 in 100 parts, or to 44.1 cubic inches, 

the whole expired air. It remained, therefore, in order 
to discover what quantity of oxygen had been consumed, 
to discover the quantity contained in the air inspired. But 
as the air received into the lungs was, from the manner 
of making the experiment, by breathing from the external 
atmosphere, not measured, the quantity of it was infer- 
red, from the quantity expired, adding to this of vo- 
lume to compensate for the diminution which tho air al- 
ways sustains in respiration^. This makes the quantity 

* It has generally been observed by those who have made 
experiments on ibis subject, that the air suffers a diminution of 
volume in respiration, or that the quantity expired is not exact- 
ly equal to the quantity inspired. Lavoisier stated^this dimi- 
nution, when the animal breathed in oxygen, at and in at- 
mospheric air at of tlic volume ;.and Dr Goodwyn, at from 
/o to in air once respired. From a number of trials it ap- 
M m 4 
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of air inspired equal to 270 cubic inches; and this, from 
tthe analysis of the air of the room in which the experi- 
ment was made, contained 63.4* cubic inches of oxygen. 
But the expired air contained only 4<4<.l cubic inches, and 
consequently 19.3, or, making allowance for the correc- 
tion requisite to bring it to the standard atmospheric pres- 
sure and temper^iture, 10 cubic inches of oxygen had been 
consumed. It follows, therefore, from these experiments, 
that in the course of a minute 38 cubic inches of oxygeri 
are consumed, and 3G cubic inches of carbonic acid form- 
ed, or, stating the former at 100, the latter is equal to 
84.5. 'I'he absolute quantities are here somewhat great- 
er than in Mr Davy’s experiments, which might easily 
happen from the different volume of the lungs, the rapi- 
dity of the circulation, or state of the system ; but the 
relative proportions agree precisely, or at least within two 
or three fractional parts, with those both of Davy and 
Goodwyn ; and it may be deserving of remark, that these 
three series of experiments which thus exactly correspond, 
are those made on natural respiration ; while the others, 
all made in a different manner, present very discordant re- 
isults. 

Excluding, therefore, the experiments of Crawford and 
Lavoisier, which are exceptionable, as being made by con- 
fining an animal in the air breathed, — the experiments of 

pcared to me to be from ^ to hence, in the calculation in 
the text, I took the mean number of -y--- ^ 

* The absolute quantity of oxygen consumed, is nearly the 
same with that given by Dr Menzies : he states it at 38 cubic 
inches in a minute f • 

t Diiisertatio Inaugnralis de Respiratioae. £din. 179a 
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Priestley, which are equally objectionable, from the same 
air having been repeatedly breathed, -.^and the latter 
perimcnts of Lavoisier and Seguin, the results of which 
are so discordant with each other, as to give reason to 
doubt of the accuracy of the account that has been given 
of them ; it follows, from the experiments of Goodwyn, 
Davy, and those which I have stated, all of which were 
made on natural respiration, that the proportion of oxygen 
consumed in that procees, is to that of carbonic acid form- 
ed* by measure, nearly in the ratio of 100 to 84 ; and that, 
therefore, more oxygen is consumed than is necessary to 
the formation of the carbonic acid expired* 

The absolute quantities are not very easily determined 
wdth accuracy, as they must vary in different individuals, 
and in different states of the system ; and hence the dif« 

’ ferent results on this point, which may be collected from 
the preceding statements. From 30 to 38 cubic inches 
of oxygen are consumed in a minute, and from 20 to 30 
cubic inches of carbonic acid formed. 

The air expired from the lungs, always contains a por- 
tion of watery vapour, as is evident from its condensation 
when we breathe in a cold atmosphere. The quantity it is 
difficult to estimate with perfect accuracy. Dr Menzies 
breathed Into a large allantoid, which had been weighed in 
a delicate balance ; the air was allowed to remain in it for 
^ome time, to allow of the condensation of the watery va- 
pour, and from the weight the allantoid gaiqed, he con- 
cluded, that 2 grains of watery vapour are expired in a 
minute. Mr Abemethy, by breathing into a glass vessel 
adapted to condense the water, found the quantity equal 
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to S grains in a minute *. In the series of experiments 
of which I have given an account^ I endeavoured to deter- 
mine the quantity, by putting a* quantity of acetate o( po- 
tassa, a salt extremely deliquescent, into a tliin bladder 
furnished with a stop-cock, and weighing the whole in a 
delicate balance, then breathing into the bladder for half 
a minute, and confining the^expired air for seven minutes 
longer. It was then expelled, and the bladder was found 
to have increased in weight 2 grains. I found, that the 
acetate of potassa, expbsed to the same volume of the iiir 
of the room for the same time, increased in weight near- 
ly half a grain ; and hence I inferred, what exactly cor- 
responds with Mr Abernethy*s estimate, that 3 grains of 
watery vapour are expired in a minute. 

It lastly remains to be determined, what Is the influence 
of the nitrogen of the atmosphere in respiratioh ; and 
with regard to this different conclusions have been form- 
ed, Lavoisier in his early experiments, considered the ni- 
trogen of the atmospheric air as perfectly passive in re- 
spiration, and as suffering no change whatever f . Priest- 
ley, however, in the experiments already referred to, in 
which he breathed atmospheric air repeatedly for a certain 
time, observed an apparent consumption of its nitrogen 
as well as of its oxygen, 14 ounce measures having disap- 
peared in one experiment in which 100 ounce measures 
had been thus breathed, and a similar result having been 


* Physiological Essays, p. 141* 

f Memoires de I’Acad. des Sciences, 1777. Memoires de 
la Soci6tc de Medicine, 1783. 
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repeatedly obtained. But he adds, At the suggestion of 
Dr Blagden, I now think it more probable that the deii- , 
ciency of phlogisticated air (nitrogen gas) was owing *to 
the greater proportion of it in the lungs after the process 
than before.” 

Mr Davy has since, however, investigated this with more 
care, and has concluded that nitrogen is consumed in re- 
spiration. He found in all his experiments, that a quan- 
tity of it disappeared ; this amounted to about two-tenths 
of* a cubic inch at each natural respiration, IS cubic* 
inches being the quantity of air taken into the lungs ; and 
as the number of natural inspirations amounted in a mi- 
nute to 2G or 27, it followed, that in that time 5.2 cubic 
inches of nitrogen are consumed, — a result which was 
confirmed by continued respiration, as well as by the re- 
spiration of animals confined in a portion of air, though 
in the latter case the quantity consumed appeared to be 
less 

This absorption of nitrogen in respiration appears to be 
confirmed by some other experiments. It was observed by 
Dr Henderson^ though to a less extent than is stated by Mr 
Davy, in breathing a portion bf air repeatedly from and 
into the gazometer f \ and it appears likewise to be esta- 
blished by the more recent experiments of PfafF.|;. 

These experiments, however, are not altogether free 
from fallacy, particularly those where the same quantity 
of air was repeatedly breathed j for, as Mr Ellis has just- 


* Chemical Researches, p. 4S4«. 
f Nicholson’s Journal, vol. viii. p. 4Q. 
Ibid. yoL xii. p. ^49. 
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ly observed *, the respiration as it proceeds becomes more 
difEcuIt and iaboriousi and is at length terminated by 
a leeble expiration, in consequence of which the duepro- 
portion of air is not thrown from the lungs. There ap- 
pears, therefore, a diminution ; and accordingly it is ^a- 
ted by PfaiT, that the diminution and the loss of nitrogen 
is always greater the longer the air is respired. This in- 
deed does not apply to the experiments performed on na- 
tural respiration, at least to the same extent. There re- 
.main, therefore, the. experiments of Mr Davy perform’ed 
in this manner, in favour of the consumption of nitrogen ; 
while, on the other hand, it is stated in the account of the 
last experiments of Lavoisier and Seguin, that << there is 
neither any disengagement, nor absorptit^R of nltfogen gas 
during respiration f.” It is also to be observed, that from 
the experiments of Vauquelin, Spallanzani and Ellis J, it * 
appears, that there is no sensible consumption of nitrogen 
by the respiration of the lower orders of animals, while 
there is the usual consumption of oxygen and forma- 
tion of carbonic acid. 

It appears then, that in respiration oxygen is consu- 
med, and carbonic acid farmed ; and on an average of 
the experiments performed in the least exceptionable 
manner, the consumption of the one is to the production 
of the other in the ratio nearly of 100 to 84 ; that there- 
. fore more oxygen disappears than exists in the composi- 
tion of the carbonic acid produced. About 12 or 18 


* Inquiry, &c. p. 114. 

f Memoires de I’Acad. des Sciences, 1789, p. 5,74. 
Inquiry, &c. p, 87, 88., 
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grains of oxygen are consumed in a minute^ and nearly the 
same quantity by weight of carbonic acid formed. In the • 
sam^ time, 3 grains* of watery vapour are expired; and 
perhaps a small portion of nitrogen is also absorbed. It 
now remains to take a view of the theories that have been 
proposed to account for these changes, resulting from the 
reciprocal action of the blood and the air in respiratioHj 
and by which, as has been already remarked, the blood U 

at the same time converted to the arterial state. 

* 

Dr Priestley considered these phenomena as owing to 
the disengagement of phlogiston from the blood in 
lungs, and its combination with the air a theory mqd> 
ficd and rendered more comprehensive by Crawford. 
He had originally, in his explanation f, adopted the term 
phlogiston, and supposed the blood to receive this principle 
in the extreme vessels, and to give out in the lungs. In 
the progress of the science, this term required to be de- 
fined or expunged •, he then substituted hydrogen for 
it : but as the combination of pure hydrogen with oxygen 
in the lungs could not account for the production of 
carbonic acid, he supposed it to be that species of gas 
which is disengaged fiom vegetable substances by heat, 
the heavy inflammable air of the older chemists, the car- 
buretted hydrogen of the modem nomenclature J . This 
hydro-carbon, as it was named, Crawford supposed to be 
communicated to the blood in the extreme vessels, by 
which its conversion frpm the arterial to the venoufr 

* ^Philosophical Transactions, 1776. 

f Crawford, on Animal Heat, 1779. 

1 £speiiments and Observarions on Animal Heat, 2d edition. 
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State was occasioned ; in the lungs he supposed it tb bs 
given out, and in its nascent state, or its transition to the 
elastic form, it combined, he supposed, with the oxygen 
of the air, and formed the carbonic acid gas and watery 
vapour expired, while the blood deprived of its hydro- 
carbon returned to the arterial state. The same expla- 
nation nearly was given by Lavoisier, at least he suppo- 
sed the carbonic acid gas and watery vapour of the ex- 
pired air to be formed by the combination of carbon a;;id 
hydrogen from the bloodwith oxygen in the lungs. 

Lavoisier had also suggested, that the combination of 
oxygen with carbon might take place in the course of the 
circulation * j that the oxygen which disappears in respi- 
ration may be directly absorbed by the blood, while, on 
the other hand, carbonic acid might be given out fully 
formed. This hypothesis was afterwards adopted, and 
endeavoured to be established by Ha^senfratz and La 
Grange f , Tliey observe, that venous blood exposed to 
oxygen acquires a vivid red colour, which soon changes 
to a purple hue ; and that arterial blood placed in vacuo, 
or in contact with any gas which does not contain oxygen, 
quickly assumes the dark purple colour. They conclude, 
therefore, that the florid red colour of the blood is the 
result of the absorption of oxygen, while the dark venous 
colour arises from the intimate combination of that oxy- 
gen with a portion of the carbon and hydrogen which the 
blood contains. According to this theory, then, oxygen 
is absorbed by the blood In the lungs, remains in the ar- 


* Memoires de I’Acad. des Sciences, 177*7, p* 191. 
t 'Anaales de Chimie, tom. ix. p. 261. 
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t6ris4 blood for a time in a state of solution or loose con|« 
binatioDi but it gradually passes, especially in the ex- . 
trcme vessels, into more intimate combination with car- 
bon, forming carbonic acid, in consequence of which the . 
blood passes to the venous state ^ and from this venous’ 
blood the carbonic acid is disengaged in the lungs, and a 
new portion of oxygen absorbed. 

These two hypotheses divided the opinipns of physio- , 
legists, one or other of them being generally embraced. 
Tfiey are both, however, defective ; their principles are 
far from being proved, and they involve suppositions in- 
compatible with the laws which appear to regulate the 
chemical actions that proceed in the animal system. No 
proof i$^ given, in the system of Crawford, of hydro-car- 
bon being communicated to the blood in the extreme ves- 
"^sels *, nor is it easy to imagine any source whence this 
principle in an insulated state could be derived ; for, al- 
though it has been imagined, both by Crawford and Has- 
senfratz, that It may have its origin in the solid parts of 
the system being absorbed, this is at once refuted by the 
considerations, that this absorption is performed, not by 
the veins, but by the lymphatics *, that it is not sufficient- 
ly Uniform, nor limited to carbon and hydrogen 5 that to 
whatever extent it may be carried, the blood must/ in a 
state of health, deposite as much as is removed ^ and that 
there is no evident cause by which the carbon and hydro- 
gen can be separated from the other elements, and be 
brought into binary combination. And, in the theory of 
Hassenfratz, though it should be granted, what some facts 
appear to render probable, that a portion of oxygen is ab-' 
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forbed by arterial bloody there is no proof that this is 
combined merely with carbon^ and that carbonic acid, the 
result of this combination, is contained in venous hlood. 
We have even proof that the latter supposition cannot be 
just ; for, when arterial blood is exposed to carbonic acid 
gas until its colour is darkened, it does not recover its 
florid hue from a subsequent exposure to oxygen and 
is therefore not venous blood. 

Neither are the changes which these hypotheses sup^ 

r 

pose, at ail analogous to the usual chemical changes which 
take place in the animal system, or sufficiently connect- 
ed with the purposes which the blood serves in its circu- 
lation. They both suppose, that the changes which the 
blood undergoes, depends not on changes in its compo- 
sition, strictly speaking, but on the alternate communica- 
tion and abstraction of a principle held by it in a state oF 
solution, and which appears to serve no purpose in the ani- 
mal economy, but is assumed merely to account for the phe- 
nomena of respiration, 'fhe supposition itself is extremely 
improbable. When the general facility of combination 
in the principles of animal matter, and the tendency which 
the actions of the vessels' have to form them into ternary 
or quaternary principles, are considered, It can scarcely be 
admitted, according to the one theory, that oxygen should 
be absorbed by the blood in the lungs, without immedi- 
ately altering its composition ; that without being attract- 
ed by any of the other principles of the blood, or influ- 
enced by the other cheniical changes going on in the sys- 


♦ Priestley, Experiments on Air, vol. ijx. p. ? 63 . 365 . 
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should be merely combined with carbon^ or with 
carbon and hydrogen, in the proportions necessary,to form 
carbonic acid and water; and that this carbonic, acid, 
without aifccting the ultimate composition of the bloody 
should be carried the whole length of the venous circula-i 
tion, and thrown out at the lungs. It is equally impro* 
bable, according to the hypothesis of Crawford, that car- 
bon and liydrogen should be brought into a state of bi- 
nary combination in the extreme vessels, and should be 
held merely disbolvecl by the venous blood, until acted on 
by the oxygen of the air in respiration. 

Still less are the changes which these explanations sup*» 
pose, connected with the known changes which tlie blood 
suffers ; for no relation is traced between the process 
of assimilation or of secretion, and the suppos^ed commu- 
nication of hydro-carbon, or the combination of hydros 
carbon and pxygen, in the extreme vessels. 

In any theory of respiration, the conversion of arterial 
into venous blood ought to be considered as intimately 
connected witli, or rather as the result of the changes 
w^hicli are constantly carried on in the extreme vessels ; 
and this conversion, as well as fhat of venous into arterial 
blood, must be regarded as arising from changes in the 
ultimate composition of the known pfeitirnate principles 
of the blood, and not merely from the alternate commu^ 
nication and abstraction of a principle which it holds dis- 
solved in it, or in what is termed a state of loose combi- 
nation. According to this tiew of the subject, the fol- 
lowing may perhaps be considered as an es^planation of 
these pKenomena^ 

Hn 
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The blood is the source whence all the parts of thd 
* body and the products of the system are formed. Its ex- 
penditure is constantly supplied by the chyle, a fluid* less 
completely animalized than the blood itself. The pecu- 
liar character of animal matter, with regard to composi- 
tion, is a lafge proportion of nitrogen, and a diminished 
proportion of carbon. It may therefore be inferred, that 
in the extreme vessels, where the animal solids and fluids 
are formed, the general process will be the separation 
from the blood of thocc elements of which animal matter 
is composed ; and that, of course, carbon, which enters 
more sparingly into its composition, will exist in the re- 
maining blood iti an increas.ed proportion. This is ac* 
cordingly the general nature of tie conversion of arterial in* 
to venous bloods Nitrogen, hydrogen, and other elements', 
are spent in the formation of new products, and the 
proximate principles of the blood, probably the crassa- 
mentum chiefly, remain with an increased proportion of 
carbon. In this state it is exposed, under a very exten- 
sive surface, to the atmospheric air m Che lungs, the oxy- 
gen of ^hich abstracts itd excess of carbon, and forms the 
carbonic acid expired. At the same time another change 
probably takes place, to serve a different important pur- 
pose. A supply of oxygen seems to be required to sup- 
port the necessary actions of the system ; a quantity of it 
therefore is absorbed by the blood in the lungs, and ex- 
pended in the extreme vessels. The combination of these 
changes,— of the abstraction of carbon by the attraction 
exerted to it by the oxygen of the inspired air, and the 
absorption of ano^r portion of oxygen, with perbapi 
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fvcn^a small quantity of nitrogen, constitute ///^ conversion 
of venous into arterial blood. 

There appears little reason to suppose, that any com- 
bination of the oxygen of the air with the hydrogen of 
the blood takes place. The supposition that it does, and 
that this is the source of the watery vapour expired, ori^ 
ginated in the hypothesis of Crawford, wrhich supposed 
hydro-carbon to be disengaged from venous blood. No 
fact has ever been stated in its support \ it is a combina- 
tion which can apparently serve no purpose in the animal 
economy ; for hydrogen exists in as large a proportion, (and 
even in a larger), in animal as in vegetable matter. And 
there can be no doubt, that the degree of evaporation 
from a moist surface, so extensive as that of the internal 
surface of the lungs, at the temperature of 96*^, is ade- 
quate to account for the whole of the watery vapour ex- 
pired. 

We tlius consider the cenvcrsiuil of arterial into venous 
blood, as intimately connected with, or rather as the re- 
sult of the other chemical changes going on in the system % 
and we perceive from this view, the final purpose of the 
process of respiration. In the*extreme vessels, the diffe- 
rent constituent principles of the blood are expended in 
the nourishment of the solid fibre ; in the formation of the 
secreted fluids ; and in the support perhaps of llie living 
powers, of these principles, carbon is that contained 
in the smallest proportion, in these solids and fluids ; it 
is, therefore, that of which there is the least expenditure, 
and consequently it must be present in a larger proportion 
in the blood,. after it has undergone these changes. It is 
etident, that to preserve the.due proportion, and prevent 

Nn2 
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it from accumulating) it must be discharged by *some 
other process. Hence the necessity of the application of 
oxygen to the blood in the lungs, and the origin oi‘ the 
carbonic acid which is uniformly discharged. 

We thus too, trace the process of animallzation from 
its first step, — the reception of the aliment to its comple- 
tion. All animals live directly or indirectly on vegetable 
matter. The principal difference in the compositirn of 
vegetable from* that of animal substances is, in the former 
containing a larger proportion of carbon. Respiration is 
the function by which this difference is established. The 
aliment received into the stomach, Is soon formed into a 
fluid capable of assimilating with the blood. It is thus 
conveyed to the lungs, and loses part of its carbon, or is 
partially animalized. It is then distributed through the 
system, and, in the extreme vessels, along with some car- 
bon, parts with so much hydrogen, oxygen, nitrogen, and 
other elements, as still to leave the carbon predominant. 
By these reciprocal changes, the conversion of vegetable 
into animal matter is effected. 

. It might be supposed, that in any view such as that 
which has been now given, there must be some difficulty 
in conceiving that oxygen gas should combine with car- 
bon with so much facility,- at a temperature so much low- 
er than that which is in general necessary for their union, 
and this, too, with the intervention of the coats of the 
vessels through which the blood circulates,— a difficulty 
supposed to be obviated in the system of Crawford and 
Lavoisier, by the-carbon being combined with hydrogen^ 
forming an elastic compound, with which, in its nascent 
State, or in the moment of its disengagement from the 
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bloods thb oxygen combined ; and in the hypothesis of 
Lagrange, by the combination between the oxygen and , 
carbon being gradually formed in the course of the cir- 
culation. On attending, however, to the objection, it 
will be found to have no real force. Although carbon, in 
its solid and insulated form, requires to be raised to a high 
temperature to cause it to combine with oxygen, yet when 
it makes part of a ternary or quaternary combination, in 
which state its cohesion no longer opposes the combina- 
tion, it is abstracted, and combined with oxygen at any 
natural temperature. It is thus that many of the vegeta- 
ble and animal substances, when humid, arc altered by 
exposure to the air, and, as has been already often re- 
marked, carbonic acid formed. Blood itself is acted upon 
in this manner. It suffers a change precisely similar to 
that which it undergoes in the lungs, and this more or less 
rapidly, and to a greater or less extent, according to the 
quantity of oxygen present, and the degree of agitation 
used. Arterial blood was exposed by Fontana to atmo- 
spheric air for three minutes, when no perceptible altera- 
tion was occasioned in the purity of the air : they were 
then agitated together for thre% minutes : the volume of 
air was diminished, and its purity impaired. When oxy- 
gen gas was substituted for atmospheric air, the alteration 
was still more considerable, its purity being diminished 
. even when agitation was avoided ; and when it was used, 
ihe diminution in purity and volume, was still greater. In 
all these experiments, carbonic acid was also produced 
They therefore prove, that oxygen can attract carbon from 


* Opuscules Physiques, p. 
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arterial blood. With venous blood, the formation oC car- 
bonic acid is still greater, as Luzurbga ascertained % and 
as has since been established by different chemistsf If 
therefore oxygen can abstract carbon from the principles 
of the blood, under such circumstances, it is evident it 
must do so still more rapidly during respiration, where 
the circumstances are so much more favourable, where 
there is comparatively a liigh and uniform temperature 
kept up, where the blood is exposed on an extensive sur- 
face, and in a state of extreme division, and where tliat 
surface, as well as the air itself, are rapidly renewed. 

Nor can it be supposed, that the thin membrane which 
forms the coats of the vessels through which the blood 
circulates can oppose an obstacle to this reciprocal action ; . 
for ‘it is known, that animal membrane much more dense 
than this, is sufficiently pervious to gaseous fluids, antC 
what is perfectly in. point in the present case, that through 
such membranes, when humid, oxygen can act on blood, 
and communicate to it the florid colour, precisely as when 
the blood is freely exposed to it. Thus, Dr Priestley 
found by experiment, that if a quantity of black blood 
were inclosed in a moisteded bladder, which was tied very 
close, on hanging it in a free exposure to the air, it ac- 
quired << a coating of a florid colour, as thick as it would 
have acquired if it had been immediately exposed to the 
open air ; so that this membrane had been no impediment 
to the action of the air upon the blood.” Mr Hunter 
mentions a similar experiment: “ I covered,” says he, « the 
|nouths of vessLels filled with venal blood with goid beat- 


7 Dissertalio Inauguralis, p. 53, 
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^s\skxn, touching the surface of the blood, and the blood 
constantly became of a florid red on the syrfape, and even 
for^some depth It follows, from these facts, that 
there Is no necessity for supposing any organic structure 
by which these changes may be cflTected, or any process 
by which the carbotx requires to be separated from the 
blood and discharged 5 that fluid may be considered, 
when circulating, in vessels so hue, as exposed to the ac- 
tion of oxygen nearly as if no membrane were interpos- 
ed^ : a part of that oxygen approximated to the blood will 
combine with a portion of its carbon, and the carbonic 
,acid, the moment it is formed, will, from its elasticity, 
recede and be discharged. Tlie whole action is purely 
chemical, and precisely the same as that which is exerted 
between air and blood out of the body, favoured only by 
'the circumstances of exposure, temperature, and agita- 
tion, under which it takes place. 

It is to be stated as an important fact, independent of 
all theory, that the changes which take place in respira- 
tion are much influenced by causes, which occasion 
an expenditure of certrin principles in the extreme ves- 
sels. Thus, Dr Crawford established by experiment, that 
less oxygen is consumed by respiration at a high than at 
a low temperature f ; and more lately, this was confirmed 
in the experiments of Lavoisier and Seguin J 5 a man con- 
suming, at the temperature of 54?®, 1344 cubic iiiches of 


* Treatise on the Blood, p. 62. 
f ‘Experiments bn Animal Heat, p’, 507* 

J Mimoires de PAcad. dcs Sciences, 1789^ p. 575. 
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oxygen in xn houri while, in an atmosphere at the jtem^ 
, perature of 79% he consumed only 1910 cubic inches. 
Dr Crawford observed also, that, in an animal placed^in a 
warm medium, the venous blood approached to the arte- 
rial in colour ; hence it appears, that the high tempera- 
ture counteracts those chemical changes which the blood 
undergoes in the extreme vessels, and that the diminution 
in the consumption of oxygen by respiration is owing to 
this cause, and not, as has been supposed, to the rarity of 
the air at the high temperature. If the consumption of 
oxygen were diminished from the latter cause, the blood 
ought to be eveii more completely venous th:in usual. In 
the series of experiments by Lavoisier and Seguin, was 
also confirmed, and shown with perhaps more accuracy, 
what however had formerly been known, that the con- 
euinption of oxygen is influenced by the food and by tho 
state Qf digestion. They found, that, during digestion, 
the consumption of oxygen was increased to 1800 or 1900 
cubic inches. Exercise,' too, considerably increased the 
proportion consumed. It is stated, that Seguin, in con- 
tinuing the exercise of raising a weight of 15 lbs. to a 
height of 613 feet during i quarter of an hour, consumed 
600 cubic inches, which is at the rate of 3200 in.an hour. 
And the Same exercise made during digestion occasioned 
a consumption equal to 4G00. It is somewhat singular, 
that the greater or less proportion of oxygen in the air 
breathed appears to have little influence on the quantity 
consumed. Lavoisier and Seguin found, that whether an 
animal breathed pure oxygen gas, or a mixture of it with 
nitrogen in various proportions, the quantity consym** 
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cd was always the same Lavoisier had eveil observed, 
in some of his earlier experiments, that less oxygen is 
conshmed when it is breathed pure \ and this was aftcr-» 
wards more fully established by Mr Davy, the consump* 
tlon, according to his experiments, being only 28 cubic 
inches in a minute, when, in atmospheric air, it amount- 
ed to SI. This is accompanied, too, with a diminution 
in the formation of carbonic acid ^ the quantity for^ied, 
when oxygen was breathed, amounting only to 1 1 cubic 
inches, while, from breathing in atmospheric air, it 
amounted to 26 I-. The diminution here is even greater 
than the proportion in the diminution of the consumption 
of oxygen ; and hence it would appear, that in breathing 
oxygen gas, though less of it is spent in combining with 
carbon, more must be absorbed by the mass of blood, 
'rhese facts are singular, and not easily explained. 

The phenomena of respiration, as now described, are 
nearly the same in all animals : they all require oxygen^ 
and expire carbonic acid ; but the quantities of these are 
Very Various in the diiFerent orders. In warm-blooded 
animals, the changes proceed to the greatest extent, and 
the presence of oxygen is most*indispensable and among 
these, this also holds in a great measure in proportion to 
the size of their lungs. In the amphibia^ the supply of air 
is less indispensable, as they can sustain the deprivation of 
it longer, though .they still require it, and produce in it 
the usual changes. Fishes die in water deprived of air, 
and, according to Dr IMestley, they deteriorate the air 


* M^moires de I’Acad. del Sciences, 17899 p< 575^ 
I lleseaiichvB, p. 44?. . 
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contained in the water in which they live *. And the.expcf 
riments of Vauquelin f , as well as the extensive research*- 
es of Spallanzani have demonstrated^ what had before 
been more or less accurately observedi that insects and 
worms consume oxygeni and form carbonic acid, though 
life in these animals is so languid, and remains so long 
under the suspension of its usual functions, that they can 
susl^n the deprivation of oxygen for 9 much longer time 
(than animals of the other classes* 

( 

Connected with respiration, and with the changes which 
the blood suffers in that process, is the production of ani- 
mal heat ^ this arising from changes of capacity which ac- 
company the conversion of arterial into venous, and of ve- 
nous into arterial blood. 

In all the more perfect animals, the temperature of tlie 
body is uniformly superior to that of the surrounding me- 
dium, Thus, in man it is about 90^ ; and it remains at 
that, though we may be exposed to a temperature 40, 50, 
or 100 degrees below this. It is evident, therefore, that 
there exists in the system some process causing a constant 
evolution of caloric, by u^Iiich this equable and compara- 
tively high temperature is preserved. The action of the 
air in respiration is demonstrated to be the source of this 
evolution ; and the view which has been given of this sub- 
ject is undoubtedly the most perfect application of che- 
mistry to physiology, and affords even the most perfect elu- 


* Experiments on Air, vol. iii. p. 362. 
f Annabs de Cbimie, tom, xii. 

^ Memoirs on RespiraUon. 
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cidation which we yet have of any fanction of the living 
system. 

Mayow ascribed the production of animal heat to the 
action of the air in the lungs ; but his opinion, supported 
by no very decisive evidence, was little regarded. Dr 
Jilack, from observing the strict analogy between com- 
bustion and respiration, particularly, that in both process- 
es the air undergoes a similar change ; and farther, ob- 
serving that in different animals the superiority of the 
temperature of their bodies over that of the surrounding 
medium, is greater the larger their lungs are, and the 
more air they consume ; that in birds, for instance, it is 
much higher than in quadrupeds, and in quadrupeds than 
in aquatic animals ; — from these observations drew the 
conclusion, that respiration is the source of animal heat. 

It is to Dr Crawford, however, that we are indebted 
for the full elucidation of this subject) or rather for the 
theory by which these phenomena are explained, and 
which he has demonstrated by very extensive anfl labor- 
ious investigations. 

From the changes which take place during respiration 
in the air in the lungs, Dr Crawford proves, that a large 
quantity of caloric must be rendered sensible. Oxygen 
is consumed, and carbonic acid formed. But we know, 
that in the formation of carbonic acid from the conabina- 
tion of oxygen with carbon, a large quantity of caloric 
must be extricated, since the capacity of the carbonic 
acid is much inferior to the mean of the capacities of the 
carbon and of the oxygen gas. 

But Dr Crawford at the same time ascertained by ex- 
periment, that the papacity.o| the blood changes vyhen if 
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is converted from arterial to venous, and of course, from 
venous to arterial : the difTerence between them he found 
to be as 1*030 to 0.892 i that is to say, supposing tlt^ ca- 
pacity of water for caloric to be 1000, the capacity of ar- 
terial blood will be rather larger, or 1.030, while that of 
venous blood will be considerably lcss» or only 892. 

On these facts, Dr Crawford founds his doctrine of 
animal heat. In respiration, a quantity of oxygen is com- 
bined with carbon, so as to form carbonic acid. A quan- 
'tity of caloric must be extricated in consequence of this 
combination. But the blood is at the very same time 
changed from venous to arterial, and by this change ac- 
quires an increased capacity for caloric. It therefore 
takes up the caloric which has been extricated by the 
combination, so that any rise of temperature in the lungs 
which would be incompatible with life is prevented. Tlie 
arterial blood is immediately carried, in the course of the 
circulation, to the extreme vessels, when it passes to the 
venous state. In this conversion, its capacity for caloric 
is diminished as much as it had been before increased in 
the lungs : the caloric, therefore, which it had taken up 
is again given out ; and this slow and constant evolution 
of caloric in the extreme vessels over the whole body is 
|he source of its uniform temperature. 

It ^is this view of the changes of capacity which the 
blood suflFers, which forms the peculiar feature and the 
excellence of Crawford’s theory. It might easily have 
been said, that respiration' is the source of animal hcat^ 
and the observation of a few analogies, such as those stat- 
ed by Dr Black, might have given probability to the as- 
aenioo* *But it mi^st always^have been diiScult to con- 
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ce!vc«how this hcat^ if deiived from this sourcei was not 
rendered sensible in the lungs, or how it was equally dis- 
tributed over the body. This is fully explained from the 
changes of capacity which the blood suffers in its conver- 
sion from the venous to the arterial, or from the arterial 
to the venous state, -changes not hypothetically assumed 
to explain the phenomena, but established by experiment. 
Yet it is singular how much this has been misunderstood, 
agd how often the objection in the following passage, 
which I quote from a modern systematic writer, has been 
urged by physiologists : " Si la chaleur vital tirait sa 
source unique des poumons, elle devrait etre dans ces or- 
ganes incomparablement plus forte qu'elle nc Test par 
tout aillcurs y ct Tactivite de cet embrasement, neccs- 
saire pour cchauffer tout le corps, irait a detruire la sub- 
stance des parties qui en seraient le foyer The same 
objection has even been urged by Lagrange and Hassen- 
fratz who ought to have known better the doctrine of 
specific heat. ’ 

This admirable theory lias been confirmed by other ex-, 
periments, and independent of the direct facts upon whicli 
it has been founded. Dr Cvawtbrd himself, and afterward) 
Lavoisier and La Place, found, that when an animal is 
confined in a vessel contrived so as to measure the quan- 
tity of caloric which it gives to the surrounding medium 
in a certain time, and the quantity of oxygen consumed 
by the animal in that time, this quantity of caloric corres- 
ponds nearly to the quantity evolved from the combustion 

1 - 

* Dumas, Principes de Physiologic, tom. iii. p. 555- 
t Annales de Chimie, ti 4 m. ix. p. 
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of carbonaceous matter, such as wax or oil, in the .same 
quantity of oxygen. It has been found, too, that wl at-* 
ever increases the heat of the body, such as violent exer- 
cise, or, in general, whatever augments the circulation, 
increases the consumption of oxygen in the lungs. 

I may add, that this explanation of the production of 
animal temperature is altogether independent on any par- 
, ticular theory of respiration. Whatever may be the na- 
ture of the difference between venous and arterial blood, 
whether the latter contain oxygen or not, or whether the 
former hold in solution hydro-carbon, carbonic acid, or 
any other principle, it is proved by experiment, that the 
blood in these two states has different capacities for calo- 
ric ; and on this fact the explanation of the origin of ani- 
mal temperature depends. It is equally unimportant, 
whether the combination of oxygen with carbon be sup- 
posed to take place in the lungs or in the course of llie 
circulation ; since from this combination the carbonic acid 
expired is derived ; and therefore, wherever it takes place, 
|t must be attended with an evolution of caloric. The 
explanation according to both opinions is ultimately the 
same, and the merit of tlte theory remains with Craw- 
ford. ■ 

When an animal is placed in a medium, the tempera^ 
ture of which is considerably high, it still preserves ite 
temperature nearly uniform ; the animal heat not rising 
much above the natural standard, as has been fully de- 
monstrated by the experiments of Tillet * and of ¥or^ 


* Memoires de TAcad. des Sciences, toin« xxxiii. p. S2% 
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djrcc and Blagden In this Case, it has been ascertained 
experiments of Crawford, that the usual change of 
into venous blood does not go on, the blood in 
the veins being nearly as florid as in the arteries. It is 
evident, therefore, that no evolution of caloric will take 
place ; and it is even possible, that the temperature of the 
body may be kept low by the blood acquiring an increase 
ed capacity for caloric, though other circumstances, par- 
ticularly the imperfect conducting power of the animal 
solids, and the increased perspiration, have a share in the 
efTecti 

Transpiration is a function very analogous to res- 
piration, and ultimately producing, perhaps, the same 
changes in the blood. Carbonic acid gas is exhaled front 
the skin as from* the lungs, and oxygen absorbed. There 
is also an exhalation of aqueous vapour, which, when 
augmented by heat or exercise, is condensed on the sur- 
face, and forms the sweat. Count de Milly observed, 
that when the hand^’was kept for some time in warm wa-^ 
ter, a quantity of air was disengaged from the surface, 
which was found to be carbonic acid. The same fact 
was established by the experiments of Cruickshank f . And 
Abernethy and J urine further proved, that there is a 
consumption of oxygen. The former chemist exposed 
his hand to seven ounce measures of atmospheric air, con- 
fined over mercury for five hours ; at the end of that 
*time the air had diminished in volume half an ounce mea- 


tie 
arterial 


* Philosophical Transactions, 1775. 
f Cruickshank on InsensiblS Perspiration 
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eurei and by agitation with lime-water, one '"ounce .more 
, was absorbed, the lime water being rendered milky 5 ,sthc 
residual air contained one-sixth less oxygen than before^ 
the experiment. When the hand was exposed to the air 
for nine hours, the quantity of carbonic acid gas produ- 
ced, amounted to rather more than an ounce measure, 
and the residual air contained one-fourth less oxygen than 
before Jurinc found, that on fixing bottles containing 
atmospheric air, to the surface of the skin, the air was vi- 
tiated, diminished in volume, and contained carbonic 
acid f. These changes in the air are also accompanied, as 
in respiration, with the exhalation of watery vapour. Mr 
Cruickshank, by inclosing his hand in a glass vessel, the 
orifice of whicli was secured by being tied over at the 
wrist with bladder, observed that the glass soon became 
dim, and drops of water were condensed on its surface. 
In this way about 30 grains of water were collected in an 
hour, though on repeating the experiment the quantity 
was sometimes much less, and at other times, especially 
^aftcr exercise, was greater It is known also to be much 
augmented by heat. From these facts it is apparent, that 
the skin performs functions, with regard to the atmos- 
phere, the same as those performed by the lungs ; and 
they are no doubt connected with the same changes in 
the blood ; though it appears, that the effects produced 
by the air on the blood, through the medium of the dkin, 


* Physiological Essays, p. 118. 
t Memoircs de la Soci^t 6 de Medicine, tom. x. 

% Experiments on Insensible Perspiration, p. 69, 
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are ijiuch ll^ss considerable, owing no doubt to the den- 

of that membrane. 

^ ^Ciavoisier and Seguin, in their researches, endeavoured 
to determine what proportion the changes by transpira- 
tion bear to those by respiration They employed a 
covering of silk rendered air-tight by being coated with 
a varnish of caoutchouc, and adapted to the body, so that 
the products by the skin could be separated from those 
by the lungs. By taking the weight, before entering the 
apparatus and after leaving it, the whole loss of weight 
in a given period could be ascertained ; and by weighing 
a few moments after being inclosed in the apparatus, and 
a few moments before withdrawing from it, the loss of 
weight from respiration alone was determined, and thus 
the proportion by each process could be established. The 
following are the results : The loss of weight sustained 
by an individual, not under any unusual bodily labour, 
varies from 1 1 grains in a minute to S2, or in twenty-four 
hours from 1 lb. 1 1 ounces 4 drachms, to 5 lbs ; this in- 
cluding the effects from transpiration and respiration# 
The mean loss is 1 8 grains each minute, 1 ounce 7 drachms 
an hour, or 2 lbs. 13 ounces iif twenty-four hours : and 
in separating the effects of each of these functions, of 
these 2 lbs. 13 ounces, there belong to cutaneous transpi- 
ration 1 lb. 14? ounces, and to respiration 15 ounces/ 
These results can, however, be regarded only as approxi- 
mations : the uncertainty of those which relate to respi- 
ration have been already noticed i and with regard to 
the general effects from transpiration, it appears from the 

* Memoires de l*Acad. de§ Sciences, 1790, p. 602* 
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account given by Seguin, that the watery pfbduct^only 
had been attended to, and that there had been no e||tU 
mate of the oxygen consumed, or carbonic acid exh&icd^ 
by the skin. 

The skin appears to secrete a small portion of acid, as 
jt sometimes is capable of communicating to the more de- 
licate vegetable colours a red tinge, and distilled water 
rubbed on it is rerulered turbid by nitrate of silver. Some 
chemists have supposed this to be the muriatic, others the 

r 

phosphoric acid. In a state of disease, it is probable that 
the products by this organ are still more diversified. 


SECT. 11. 

OF THE CHYLE. 

The food digested in the stomach, passes into the In- 
testinal canal ; and in Its progress, there is separated from 
it by the absorbents which terminate on the internal sur- 
face of the intestines^ a >^hite milky liquor, which is con- 
veyed by these to the thoracic duct, and ultimately into 
the blood. This is the Chyle, — a fluid, the oomposition 
of which is important, as it is from it the blood is form- 
ed, and by its medium nutrition conveyed, but which, 
from the difficulty of procuring it, has not been examin- 
ed with that attention its importance demands. 

Its colour is white, its taste is sweet, and, as has been 
$aid, somewhat saline. On standing, it is affirmed, that 
I ccesm fonps qq its surfacp, aUo that it coagulates. 
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HaU^ founds that after It had been exposed to the air for 
a mott time, It assumed a gelatinous form, and presenU 
A kind of firm coagulum, adhering to the sides of the 
vessel. Under this was a portion of liquid, thin, and of 
the colour of milk. The coagulated mass is semi-trans- 
parent, and has a light red tinge According to For-/ 
dyce, besides this matter which coagulates spontaneous- 
ly, the chyle contains a fluid that coagulates by heat +. 

Very discordant results have been obtained from expe- 
riments made on the effect of substances introduced into 
the stomach, on the composition and properties of the 
chyle. Colouring matter mixed with the food, appears 
sometimes to communicate to it a tinge, sometimes not. 
According to Lister, it receives a blue colour from indigd 
received into the stomach ; an observation confirmed by 
Haller, who did not find, however, any effect from other 
substances, which had likewise been said to give it colour. 
Dr Fordyce also observes, that indigo thrown into the in- 
testines renders the chyle quite blue, and that musk com- 
municates to it a strong odour. This intermixture of 
substances, however, conveyed by the stomach, does not 
always happen. It has been found, that when iron is mix- 
ed with the food, no traces of it are to be discovered, by 
the test of infusion of galls in the chyle J ; and this has 
been stated as an argument to prove, that iron is not de- 
rived from without, but is actually formed in the animal 
system. 

* Fourcroy’s System, vol, p. 91. 

f Treatise on Digestion, p. 121. 

J Ibid, p. 122. 
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SECT. III. 

pF MILK. SUGAR OF MILK. SACCHO-LACTIC ACID. 

Milk is the fluid designed for the nourishment of 
young animalS} and sepreted by a particular glandular ap- 
paratus in the mammae of the female. It differs some- 
what in its sensible qualities in different animals, but its 
chemical properties appear to be nearly the same. These 
have been often the subject of investigation which has 
' been so far successful, that the proximate principles of 
this fluid are now known, though we are still unable tp 
trace the changes by which it is converted into blood. 
Besides the knowledge of it, which we have received from 
the older chemists, an elaborate examination of it was 
some years ago undertaken by Parmentier and Peyeux 
and more lately some factsf with regard to it have been 
added by Lagrange f . 

Milk is white and opaque, its taste is bland and sweet, 
its smell faint ; its consistence is somewhat thick, and its 
specific gmvity a little greater than that of water. These 
qualities vary, however, not only in different animals, but 
likewise according jto the diet and state of the digestive 
organs, and even according to the period, after food has 
taken, at which the milk has been formed. 


* Experiences sur le Lait. 
f ^holson^s Journal, vol. x« p. HI. 
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When milk newly drawn is allowed to remain at rest» 

it suffers a slight spontaneous decomposition, a thick 

^^ite very bland fluid collects on the surface, and the 

fluUT beneath is more watery. This change has been as^ 

cribed by some chemists to the action of the air ; but 

others, particularly Toung, liave asserted|! that it takes 

place equally when the air is excluded, — an observation 
« 

since confirmed by Thenard. This seems indeed more 
ll^obable, since, from the whiteness and opacity of milk^ 
it is obvious that an oily fluid is didFused through a watery 
one, and white globules are even discovered in it by the 
microscope. It is these, probably, that separate sponta*^ 
neously when the milk is at rest, and form the cream. 

The Cream is a substance of an oily nature, and, wheii 
agitated for some time, separates into a fluid and a solid 
part, the latter having all the properties of a concrete oil. 
This oily substance, then, or Butter, is the first proximate 
principle which a simple analysis discovers in the milk. It 
is bland and sweet, but becomes rancid on exposure to the 
air. By distillation, it is converted principally into a fluid 
oil, and, when decomposed by heat, affords the same pro- 
ducts as animal fat. The crete, therefore, is merely a 
mixture of this oily matter with the cheese and whey^ 
which form the other parts of the milk; 

When the milk is allowed to stand after the spontane- 
ous separation of the cream, it begins to suffer another 
change, which is more rapid in a high than low tempera* 
ture. It first becomes acescent, and then coagulates# 
When this congulum is pressed gently, a serous fluid is 
forced out, and a solid dry matter, somewhat elastic,* and 

Oo9 
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insoluble in water remains. This is the caseous part^f 
tnilk, or the pure Cheese. ^ y 

This change appears to be owing to the formatioil, 
of a small quantity of acid in the milk on standings 
which re-acting upon it, separates the caseous matter. 
We accordingly find, that acids added to milk, eved 
though very weak, immediately coagulate it : many other 
substances have the sartie effect, as several neutral salts^ 
especially those containing an excess of acid, alkohol, sr 
gar, gum, the gastric juice of animals, and the juices of 
several vegetables. This caseous matter is also separated 
by mere heat. If milk be moderately heated in contact 
with the air, a thin pellicle forms upon its surface : if this 
is removed, or allowed to fall to the bottom of the vessel, 
a new one is formed, and this Continues for a considera** 
blc time. After the formation of them has ceased, the 
remaining fluid is rhln and serous. Parmentier and Dey- 
eux have ascertained, that these pellicles consist of a mat- 
ter perfectly identical with the cheese. The separation 
of it from the milk is promoted by the contact of the air* 
but apparently merely by its mechanical action, and not 
by any chemical effect ; since its separation, they found, 
Avas eqttally promoted by oxygen, hydrogen, or carbonic 
acid gas. 

The coagulum separated by these different substances 
18 nearly the same in its properties. The liquor, however^ 
found in the stomach of young animals, or what is term- 
ed Rennet,* is preferable in order to obtain its full separa-« 
lion. The curd that is formed by adding it to milk mo- 
derately heated, is merely the caseous matter retaining a 
jgonion of the serum or 1^he7^ which can be easily sepa^ 
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I'ated by pressure. The coagulating |A)wel: of the rennet 

was ascribed to a portion of acid which it contstined ; but 
n ■ * 

'^^oung, and more lately Parmentier and Dcyeux have 

shovmj that it is the property of the juice itself, since, even 
when an alkali is added to it, so as to be in excess, it retains 
the coagulating power. The membrane of which the sto- 
mach is composed likewise possesses this property, and 
communicates it to water meccrated upon it. The cause 
^of the coagulation is not well understood. 

The Caseous matter of milk is a white or greyish sub- 
stance, somewhat elastic ; w^hen fresh, it is nearly insipid^ 
but becomes acrid on keeping. It is insoluble in cold 
water, but by boiling its texture is destroyed. 

If left exposed in a moist state to the air, it very sooil 

putrefies. If the moisture has been pressed out of it, and 

<• 

especially if it has been dried by a gentle heat, it remain^ 
a long time unchanged; 

The pure fixed alkalis, dissolved in water, and assisted 
by a moderate heat, act upon the caseous matter readily. 

It is dissolved, atid at the same time ammonia is exhaled, 
probably formed by the combination of its elements. If 
an acid is added to the soIuticAi, a precipitate of a dark red 
colour is throwm down, and a smell of sulphuretted hy- 
drogen is perceived. Silver is also blackened by the li^* 
quor in a short time. Ammonia is likewise capable of 
dissolving the caseous matter. 

The mineral acids, when diluted with water, effect a 
solution of it, but not completely. The vegetable acids^ 
particularly vinegar, dissolve it entirely, and with more 
facility. Nitric acul disengages from it nitrogen gas. 

' The caseous matter decomposed by heat affbvds auem- 
6 o 
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pyreuraatic oil^ aimnonia^ and a species of carburetted 
drogen. A residuum of charcoal is obtained, which, when 
burnt, affords a small quantity of fixed alkali, and also, a^ 
Scheele ascertained, and Lagrange has confirmed, a por* 
tion of phosphate of lime« ^ 

The caseous matter must be admitted as a principle 
differing in some respects from any other animal matter. 
It seems most analogous to the albumen, as it is soluble 
in a fluid resembling the serum of the blood, and as it is 
coagulated by heat. In several other of its properties, it 
is analogous to fibiin, and is probably intermediate be* 
tween these. It is the most animalized product of the 
milk, and is undoubtedly that which is most nutritious. 

The distinction must be noticed between this pure 
cheesy matter and that which is formed from the milk 
before the cream is separated. This latter kind of cheese 
is the caseous matter mixed with the butter ; and in the 
different kinds of cheese that are prepared for use, the 
qualities depend principally on the proportion of these to 
each other. 

When these two principles, the butter and the cheese, 
have been separated from the milk, there remains a liquor 
mamed the Serum or Whey. The composition of this is 
lastly to be noticed. 

The whey has a yellowish colour and very slight tena- 
city : its taste is bland and agreeable. It still contains a 
portion of caseous matter, which is separated by allowing 
it to stand in a warm place for some hours : it then be- 
comes acescent, the cheese separates in filaments, and, by 
filtration^ the whey becomes transparent. 

When this pure whey is subjected to evaporation, it af* 
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fo^ds^a sulistance of a granulated saline appearance, of a 
^sweet taste and a yellowish colour, which, by solution and 
filtration, yields, on evaporation, a salt of a white colour, 
in rhomboidal crystals. This substance, which is the prin- 
cipal solid matter in the whey, is named the Salt or Su« 
gar of Milk. In some countries, particularly in Switzer- 
land, it is prepared in considerable quantity. 

This substance is soluble in seven parts of cold and 
(pur of boiling water. It is decomposed by heat, and af- 
fords products nearly the same as those yielded by vege- 
table saccharine matter.. 

When the sugar of milk is treated with nitric acid, as- 
sisted by a moderate heat, nitrous gas is discharged, the 
solution becomes yellow, and, as it advances, a copious 
deposition of a white matter takes place. The fluid, when 
poured oflF, affords by evaporation crystals of oxalic acid. 

The white matter obtained in this operation is possess- 
ed of the properties of an acid. Scheele, who discovered 
it, supposed it to be one of a peculiar kind, and gave it the 
name of Acid of Sugar of Milk. In the new nomencla- 
ture, it is named the Saccho-lactic Acid. 

Scheele concluded, that this substance is not formed iu 
the above process, but that the sugar of 'milk is a com- 
pound of it and saccharine matter, and that it is merely 
rendered sensible by the saccharine matter being oxidized 
by the nitric acid. Farmentier and Deyeux accede to 
this opinion. They observe, that in the process in which 
it is obtained, very little of the nitrous acid is decompose*' 
ed, and that, if the quantity actually decomposed be com- 
pared with the quantity of oxalic acid formed, the pro- 
portions wiU be found nearly.tht same as when the oxalic 
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ftcid is procured by the direct oxygenation of pUM 
gar. And they add the synthetical proof, that when two, 
parts of the saccho-lactic acid are mixed with one of silk 
gar, a compound very similar to the sugar of milk is form- 
ed. The opinion, howerer, as is justly observed by Four- 
croy, appears to accord very ill with what we know of the 
properties of these two substances. 

Saccho-lactic acid is obtained by the process already de- 
scribed, in the foxm of a white powder, a little granulat- 
ed : its taste is slightly sour : it is sparingly soluble in wa- 
ter, 60 parts even of boiling water being requisite, accord* 
ing to Scheele, to dissolve it : this solution has an acid 
taste, and reddens the vegetable colours : it deposites, on 
cooling, small crystals. At the temperature of 212°, it 
decomposes the alkaline carbonates, disengaging the car-* 
bonic acid. Exposed to heat in close vessels, it is decom* 
posed, the products being an acid liquor, w'hich,on stand- 
ing, deposites needle-likc crystals, an empyreumatic dark* 
coloured oil, carbonic acid and carburetted hydrogen gas- 
es, and a large residuum of charcoal. 

This acid combines with the difFerent salifiable bases* 
forming salts named Saccholates ; but vre have no know- 
ledge of these combinations, except from a few observations 
by Scheele. It forms with potassa a salt soluble in eight 
parts of warm water, which crystallizes on cooling •, and 
with soda a salt equally crystallizable, and rather more 
soluble, requiring only five parts for its solution. Both 
these salts are more soluble, from an excess cither of 
the acid or of the base. Saccliolate of ammonia is 
very easily decomposed by heat, the ammonia being ex* 
pelled. TThe compounds with lime, barytes, and magne* 
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nearly insoIul)le ; hence this acid decomposes tht^ 
soluble salts of these earths. It acts feebly on the metals ii 
3tid with their oxides, so far as has been examined, forme 
Salts of sparing solubility. It thus precipitates the nitrates 
of silver, quicksilver, and lead. 

This acid is formed, not only, from sugar of milk, but 
likewise, as has been already remarked (p. 118.}, froml 
gum, by the action of nitric acid : two parts of the acid 
Jhcing slightly heated on one part of gum, until a small 
quantity of nitric oxide and carbonic &cid is disengaged^ 
on cooling, the liquid dcposites the saccho-lactic acid ; thc^ 
quantity, according to Fourcroy and Vauquelin, being 
from H to 26 parts from 100 of gum. 

From the quantity of saccharine matter which milk 
coiitains, the whey is susceptible of both the vinous and 
acetous fermentation ; and by the Tartar tribes, a vinoue 
liquor is actually prepared from mares milk. The pro- 
cess has been described by Dr Guthrie The liquor 
however is extremely weak, eight pints of it aiFordingy 
on distillation, only four ounces of alkohol. 

It passes much more readily into the acetous fermen- 
tation, or becomes acescent, from the production of an 
acid, which it now appears is the acetic. Scheele first 
examined this acid, and although he observed an analogy 
to the acetic acid in its properties and combinations, he 
found also some differences between them. He was un- 
able to obtain it pure by distillation ; for although aii 
acid liquor distilled over, this could not be carried far, as 
a decomposition and a deposition of carbonaceous mat^ 


* Edinburgh Philosophical Transactions, vOl. ih 
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ter took place from the heat applied. He supposedf toOf 
that this acid decomposed the acetates. . Hence he re« ^ 
garded it as different from the acetic ; and in the neMf 
nomenclature it received the name of Lactic Acid. From 
the recent researches, however, of Lagrange, and of Four- 
croy and Vau^elin, it is established that this acid is no- 
thing more than the acetic, disguised by a portion of 
extractive matter united with it, and by the saline sub- 
stances contained in the whey According to the ob- 
servation both of*Thenard and Lagrange, a portion of 
free acetic acid is always contained in milk, and is procure 
ed from it by distillation. 

Besides the sugar of milk, which is the principal in- 
gredient dissolved in the serum, there are present some 
other saline substances, and which remain dissolved in 
the liquor after its crystallization. These, according to 
the observations of ^cheele and Vauquelin, are principally 
muriates of lime, potassa, and soda, with phosphates of 
lime, magnesia, and iron. 

Such, then, is the composition of milk. It consists of 
an oily substance, of the caseous matter, of the peculiar 
substance named sugar of milk, and of a small portion 
of neutral salts dissolved in water. The union of the 
three first, two of which approximate to the nature of 
vegetable, and the third to that of animal matter, rendersf 
it a fluid at once nutritive and easy of digestion ; and, as 
Vauquelin has remarked, the presence of the phosphoric 
acid with the time and iron, fit it well for the formation 
of blood. 


* Nicbohon’s Journal^ voL x. p. 
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SECT. IV. 

LYMPH. MUCUS, 

The fluid contained in the lymphatic vessels, and^as* 
sing into them either from the extremities of the arterial 
Jbranches, or taken up by absorption from the surface of the 
internal parts of the body, has from its origin been regard- 
ed as analogous to the serum of the blood. This, however, 
is not well established ; it is even probable, that though 
derived from that fluid) it may have undergone some al- 
teration, and its properties therefore require to be noticed. 
They are however but imperfectly known, principally 
from the diiEculty of procuring it in a pure state. 

Lymph is pellucid and insipid; it is also said to be slightly 
viscid, miscible with cold water, and coagulated by heat, 
by the acids, and by alkohol. If these properties strictly 
belong to it, it might be regarded principally as a solu- 
tion of albumen ; but there is some uncertainty whether 
these observations refer to pure lymph or to the serum of 
the blood, from these fluids having been assumed to be 
ultimately the same. 

This fluid frequently undergoes, on the surfaces on 
which it is effused, a degree of inspissation, probably 
from its watery part being absorbed ; and it then forms 
what has been named Mucus, which covers the passages 
and internal cavities of the body. This term, it must 
be acknowledged, is rather vague. Mr Hatchet had re- 
sided it as similar to gelatin, only that when heated, it 
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does not become gelatinous. Dr Bostock has, on tlw con-i 
trary, applied It to denote a peculiar principle of animal 
matter, existing In what is usually named mucus, as well 
as in a number of the animal fluids. The following are 
its properties, as he has assigned them. It may be ob- 
tained solid bj^evaporation, and is again soluble in wa- 
ter.#^ It is insoluble in alkohol or ether. It neither coa- 
gulates, nor becomes gelatinous, when its solution is 
heated, i characters by which it is at once distinguished 
from albumen and gelatin. Neither is it precipitated by 
tannin, or by corrosive muriate of mercury. The acetate 
of lead, or Goulard’s extract, produce a copious white 
precipitate with it, and this forms its most certain test. 
Dr Bostock has remarked its close resemblance in these 
properties to vegetable gum 
This principle, when in its liquid state, suffers insplis- 
satibn from exposure to tlie air. The mucus of the nos- 
trils, which has been examined by Fourcroy and Vauque- 
Jin, appears to be in this state. They observe, that this 
mucus, as it is first secreted, is liquid and clear, a little 
viscid, without smell, and of a taste somewhat saline ; it 
becomes thick and viscid from exposure to the air, or to 
a gentle heat ; and the residuum which it at length af- 
fords by evaporation, affords crystals of muriate and 
carbonate of soda, and phosphates of soda and lime. 
From the carbonate of soda it contains, it renders green 
paper stained with the juice of the mallow. It also con- 
Kains an animal matter not albuminous, but which be«- 
comes quickly thick and concrete from the action of the 


Nicholson’s Journal, vol. u. p. 251# vol. xiv. p, 144# 
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oxygf^n of the atmosphere, or of oxymuriatic add, and 
acquires opacity and a yellowish or greenish colour. It is 
laore or less in this state as it covers the passage of the 
nostrils, from the action of the air, and is completely in- 
spissated when a person has been exposed to the vapours 
of oxymuriatic acid. In this iiispissateH state, water 
does not dissolve it, nor can it easily be diluted with that 
fluid citlibr cold or warm. The acids added in small 
OjUantity thicken it, but in a larger proportion they re- 
dissolve it, giving it different colours. Muriatic acid ap-» 
pears to effect this solution most easily. The alkaline 
or earthy salts do not dissolve it. It is very little liable 
to putrefaction, when kept even in a humid state. Like 
all the other animal fluids it is subject to alterations from 
morbid affections, which influence its secretion ** 
Vourcroy and Vauquelin have farther observed, that 
the liquid which forms the tears is nearly the same whh 
the nasal mucus. It is clear as water, without*smell, ha« 
ving a taste somewhat saline and a specific gravity rather 
greater than that of distilled water. It renders green pa- 
per tinged with juice of violet or mallow, a property 
which appears to be owing to tile presence of soda. When 
heated it is inspissated, a change which it suffers also 
quickly from exposure to the air; it becomes viscid, and 
acquires a yellowish or greenish colour. It also affords 
cubic crystals, containing an excess of alkali which alko- 
hol dissolves, leaving the mucus part undissolved. In 
this inspissated state this liquid is also insoluble in water, 
'fhe alkaline solutions iK^hich have no effect on the liqutdi 


♦ Fpgreroy’s System, voh ix. p. 43?. 
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9S it is first secreted, dissolve it after it has sufferef) this 

change, and restore to it its fluidity and transparency* 

_ « 
The acids exert no action on it at its first discharge, ex* 

cept saturating the free soda : but when it has been in* 

6j)is9ated by exposure to the air, they cxitibit with it pe* 

culiar phenomena. Sulphuric acid disengages carbonic 

and muriatic acid gases, by decomposing the muriate and 

carbonate of soda which it contains. Muriatic and ace* 

tic acid produce only a slight effervescence. Oxymuria* 

tic acid causes coagulation, and flocculi are separated, a 

change apparently produced by the communication of 

oxygen. Alkohol forms also white flocculi in this liquid. 

From the experiments of these chemists it follows, that 

the tears are formed of a large quantity,,of water, which 

holds in solution an animal matter not albuminous, as it is 

not coagulated by the acids, and which appears to have 

thk characters of mucus, with which are associated va* 

Yioua saline substances, — muriate of soda, pure soda, 

phosphate of soda, and phosphate of lime. The last, when 

it accumulates, forms the concretions sometimes found.in 

the lachrymal glands 

I have placed the history of these fluids under one sec* 
tion, as they appear to have very strict relations, both 
physiological and chemical, and are probably ultimately 
Ae same, or at least are so with very slight modifications, 


^ Fourcroy^s System, vol. ix. p. 426, 
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SECT. V. 

SALIVA. PANCREATIC FLUID. 

The fluid secreted in the salivary glands is designed to 
promote the mastication, and perhaps also the farther di- 
jgestion of the food. Its taste is very slightly saline ; it 
has also a slight degree of viscidity, in consequence of , 
wl^ch it is frothy, or retains the air entangled in il. It 
does not mix very readily with water : by trituration it 
may be difl'used through it ; but a portion of matter 
which Dr Bostock considers as coagulated albumen, re- 
mains undissolvcd. When exposed to the air, a pellicle 
forms on it it becomes turbid and deposites fli cculi, 
changes which have been ascribed to oxygcnizemen?^ it 
has been said, indeed, to have an unusual tendency to ab- 
sorb oxygen ; and hence it has been affirmed, that it pro- 
motes greatly the bxidizement of the metals ; the extinc- 
tion of mercury by trituration being much facilitated by 
it, and even gold and silver leaf being oxidized when tri- 
turated with it *. This property probably depends on it^ 
mucus. 

. When the liquid formed, by triturating saliva with wa- 
ter, is exposed to heat, it is slightly coagulated, and a floc- 
culent precipitate appears. This denotes the presence ot al- 
bumen. It is also coagulated or inspissated by alkohol, and 
by the stronger acids. The fixed alkalis and the earths 

Fourcroy’s System, vol. ix. p. 
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cause an ammoniacal odour to exhale from it, by decom* 
posing the ammoniacal salts it contains : the alkalis at the 
same time dissolve it. Lime-vi^afer throws down from it 
a precipitate of phosphate of lime ; and oxalic acid de- 
tects in it the presence of lime in small quantity. The 
metallic solutions, especially the nitrates of lead, mercury 
and silver, render .saliva very tuibid, and cause an abun- 
dant precipitate; partly from their action on the animal 
matter, and partly by decomposing the phosphates and^ 
muriates it contains. Acetate of lead, or Goulard's ex- 
tract, produces a copious precipitate in saliva diluted with 
water and rendered clear by filtration, probably from ita 
action on the mucus which exists in it 

When saliva is evaporated by a gentle heat, cubical 
crystals of rhuriate of soda are discoverable in the rcsi- 
ciuum, as utI! as crystals similar to those of muriate of 
ammonia f- When evaporated to dryness it leaves a re- 
siduum, which svrclls and inflames on ignited fuel, exhal- 
ing a foetid odour, with a smell of prussic acid. Its re- 
sidual charcoal, when it is subjected to destructive distil-^ 
lation, affords considerable quantities of muriate of soda, 
phosphate of soda, and phosphate of lime. 

Saliva appears to be a solution, in a very large quanti- 
ty of water, of albumen, mucus, and certain saline sub^ 
stances — compounds of phosphoric and muriatic acids, 
with soda, ammonia, and lime. The proportions arc con- 
jectured by Dr Bostock to be about 80 of water, 8 of 


* Eoslock, Nicholson’s Journal, vol. xiv. p. 247. 
t Furdyce on Digestion, p. 5% 
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toagulatcd albumen, 11 of mucus, and 1 of the saline 
^ compounds. 

The concretions which are sometimes deposited In the 
excrctoTjr ducts of the salivary glands, arc stated by Four- 
croy to consist of phospliate of lime, with animal muci- 
lage ; and the incrustation formed on the teeth from the 
saliva,, and known by the name of Tart.;r of the Teeth, is 
said to be of a similar nature. 

% 

The similarity of tlie PAN/urATic JricE, or liquid 
secreted by the pancreas, to the saliva, has always been 
observed by physiologists, but it lias undergone little che- 
mical examination. Dr Fordyce, from a small quantity 
of it which he obtained, found it to be liquid and colour- 
les^s, Laving a taste slightly saline. On allowing it to eva- 
porate, crystals were deposited, similar to those from tlie 
saliva, and muriatic acid was indicated by the tost of ni- 
trate of silver. On evaporation also, a colourless mucus 
Was obtained, wliich redissolvcd in water, though the 
compound with water, to use Dr Fordyce’s expression, 
is not very diffusible through water From these facts 
it appears to be extremely analogous to saliva, and pro- 
bably, as physiologists have conjectured, serves the same 
purpose in promoting the digestion of the food. 


^ Treutio? on Digestion, p. 70. 
P p 2 
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SECT. VI. 

GASTRIC FLUID. 

No fluid presents more singular properties, than that 
Drliich is secreted by the glands of the stomach, and 
which is of so much importance in the process of diges- 
tion. From its connection with that process, its proper-* 
ties have been often the subject of investigation, and a 
number of facts v/ith regard to it have been discovered 
by the successive labours of Reaumur, Stevens and Spal- 
lanzani. 

The principal difficulty in submitting it to experiment 
is, that of obtaining it pure ; for as there is no dpet 
whence it can be collected, it is always liable to be more 
or less mixed with the contents of the stomach. The 
method which Spallanzani employed, was to cause an 
animal to swallow small pieces of sponge, when it had 
fasted so long as that the food might be supposed to have 
been evacuated from the stomach, and after some hours 
withdrawing these bits of sponge, by a string attached 
to them. By pressing them over a glass capsule, the 
gastric fluid which they had imbibed was obtained. It 
may also be collected from the stomach of an animal 
newly killed, and which had previously been kept some 
hours without food ; but the quantity that can thus be pro- 
cured is not considerable. In the operation of vomiting 
it frequently happens, that after the solid contents of the 
stomach have been discharged, when the vomiting re- 
curs, a colourless fluid,* more or fess viscid, is brought up, 
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which has been regarded as the gastric juice. Dr For- 
dyce has remarked, however, that he had often examined , 
this fluid, and found it to be water, with a small quanti- 
ty of saline matter, and little or no mucilage, and to be 
destitute of one of the mosj characteristic properties of 
the gastric fluid, that of coagulating milk. 

The gasjric fluid obtained by Spallanzani, was, in all the 
orders of animals frem \vhom he procured it, whether 
gramnivorous or carnivorous, similar in appearance and 
physical qualities. If unmixed with any of the food, it 
was clear, or its transparency was at least little inferior to 
that of water. Its taste was always somewhat saline, and 
frequently also bitter : this bitterness, as well as a tinge 
of yellow which it sometimes had, being undoubtedly 
owing, as he supposes, to the presence of bile. Some- 
times it was procured without any sensible bitterness, and 
its taste was then merely saline. He could not discover 
in it any indication of acidity, except sometimes in ani- 
mals feeding on vegetables, and the acidity was then evi- 
dently to be ascribed to the intermixture of the food, and 
the changes it had undergone * : it was equally free 
from any alkali. In a fuiihe*r examinatipn of its proper- 
ties, undertaken at the desire of Spallanzani, by ScopoH, 
it was found, when triturated with lime, to emit a foetid 
odour. It precipitated silver in the state of muriate, from 
nitrate of silver : evaporated it gave a solid residuum, de- 
liquescent, and having an linpleasant odour. Subjected 
to destructive distillation, muriate of ammonia was sub- 
limed from it -f. 


* Spallanzani’s Dissertations, vol. i. p. 327. 
t Ibid. p. 55 . 97. 282. 329. 
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To this very imperfect account of the qualities of « the 
t gastric fluid, some facts have been added by Macquart 
and Vauquelin. They obtained it from the stomachs of 
sheep and calves ; they always found in it free phospho- 
ric acid and phospliates. A small quantity of albumen 
was separated from it by the action of acids, besides a 
portion of mucus or gelatinous matter 

Spallanzani had observed, that the gastric fluid is little 
liable to putrefaction. Obtained from his own stomach 
by vomiting, he remarks, that it did not cliange colour 
or taste, nor did it acquire ajiy bad smell, though kept 
above a muntli, in the hottest season of the year 5 ” and 
he observes, that this is a property common to every gas- 
tric fluid he had examined f . Nay, he found, that it pre- 
vents substances from putrefying, and even that animal 
matter, which had become putrid and offensive, was re- 
coveretf and rendered free from this, by maceration in the 
• gastric fluid, cither out of the body or in the stomach of 
the animal %. These properties, however, were not ob- 
served by Macquart and Vauquelin in the gastric fluids 
they examined 5 on tlie contrary, they became corrupted 
in a few days. The observation of Spallanzani is, how- 
ever, confirmed by the experiments of Stevens. 

The most singular property of this fluid, and one which 
is undoubtedly chemical, is its solvent power with regard 
to the food, — a pov/cr uneqmvocally established by the 
multiplied researches of Readmur, Stevens, and Spallan^ 


* Fourcroy’s System, vol. x. p. 11 . 
f Dissertations, vol. i. p. 185. 283. 
I Ibid. p. 318, 
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zani. Reaumur inclosed anicles of xlict in metiillic tubes 
open at both cuds, whicli he forced animals to cw^llow i 
employing those substances, with regard to each, on 
which they naturally feed, Ry this contrivance he avoid- 
ed the action of pressure and trituration, which had been 
ponsidered as the principal c.iuses.of digestion, and expo- 
sed the food merely to the action of the gastric fluid. He 
found, that in animals with a membranous stomach, and 
which usually feed on flesh, the inclosed food was dissolv- 
ed, more or less completely, according to the time during 
which the tubes were allowed to remain in the stomach ; 
and he hence inferred, that the gastric fluid of these ani- 
mals is possessed of a solvent power. He found, how- 
ever, that in those animals which have a muscular stomach, 
capable of strong contraction, and therefore of perform- 
ing the ofRce of trituration, the substances inclosed, 
(grains chiefly on which these animals feed, thougk some- 
times also grass, or even flesh), were not at all dissolved ; 
and hence he concluded, that in these animals the gastric^ 
fluid is not a solvent, and that the digestion of the food is 
effected by trituration. Spallanzani rectified this conclu- 
sion; he shewed, that the triftiration is necessary only to 
bruise the food, and thus prepare it for the action of the 
gastric fluid, and that when previously bruised, or wdien 
from any other preparation it is in a soft or humid state, 
and inclosed in tubes, it is dissolved by these being allow- 
ed to remain in the st^'inacli*. He further found with 
Reaumur, that in animals with a membranous stomach, 
solution of the food inclosed in tubes, takes place very 


* Dissertations, vol. i, p. 35. 
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readily And what is still more decisive with regard to 
^ the solvent power of the gastric fluid, he found, that the 
dilFerent substances used as food, both flesh, bread, grain, 
and grass, submitted to its action out of the body, at a 
temperature not higher than that of animals, were dissolv- 
ed f. It appears from his researches, that in animals 
with a membranous stomach, the solvent power is great- 
er than in those with a muscular stomach, by the exertion 
of which the food is bruised ; stnd in some of tho former, 
in the dog, for example, or the eagle, the solvent power 
is very considerable, the hardest bone inclosed in tubes 
|)eing speedily dissolved. 

With the experiments of Spallanzani those of Stevens 
in general agree if. Availing himself of a man who had 
the po^er of swallowing hard substances without injury, 
he gave to him almost all the articles of food, vegetable 
or anirfial, inclosed separately in hollow spheres of silver^ 
perforated with a number of holes, and found, that when 
^thus introduced intp the stomach, they were speedily, dis- 
solved. *And continuing his experiments on animals, he 
established nearly the same results as Spallanzani had 
done. He found too, that !he gastric fluid out of the bo- 
dy exerts its solvent power. Half an ounce of the gastric 
juice of a dog was put into a phial with twelve grains of 
roasted beef, and the same quantity of the san^s beef was 
put into another phial with water. Both were exposed 
fo a temperature of from 102 to 1045 ; in eight hours, the 


* Dissertations, vol. i. p. 69, 70. 10& 258, 
t Ibid. p. 93. 170. 
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beef Jn the gastric fluid was completely dissolved, wliile 
that in the water was not sensibly altered : in twenty-four 

e 

hours, the latter was putrid, while the former had merely 
a pungent odour, probably from a slight scorching from 
the heat. When the experiment was repeated with flesh 
masticated, the solution was sooner completed ; and in a 
similar manner, many bther substances, both animal and 
vegetable, were dissolved. 

k In one point, the experiments of these physiologists do 
not perfectly correspond. Stevens found, that those kinds 
of food on which animals do not naturally feed are not 
di;ssol\^d when introduced in these balls into the stomach} 
that if tubes or balls, for example, containing flesh, fish, 
grass, or herbs, be introduced into the stomach of a sheep, 
the latter are completely dissolved, while the former are 
not altered. The experiment was repeated on the ox with 
a similar result ; and hence it appears, that in thefe ani- 
mals which usually feed on vegetables, animal food is not 
dissolved' by the gastric fluid. Spallanzani, however, ob- 
tained a result somewhat different } in animals which feed 
principally on grain, as ducks, hens, and turkeys, flesh 
introduced in tubes into the 'Stomach being dissolved 
while in those which feed usually on flesh, as the crow, 
farinaceous grains, previously bruised and introduced in 
tubes, were likewise dissolved f. These animals, how- 
ever, do not seem naturally much limited to one kind of 
food, but can subsist on very different substances. And 


* Dissertations, vol. i. p. 36. 
I Ibid. p. 65. 
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it is admitted by Spallanzani, that some species, as birds 
cf prey, are incapable of digesting vegetables It there- 
fore rather appears, that the solvent power of the gastric 
fluid is in a great measure limited to the kind of food on 
which the animal naturally subsists, though the stomach 
is undoubtedly capable of in some measure adapting itself 
to the food received, so that the animal can at length be 
brought to be nourished by, and even to relish, silbstances 
ihe most opposite to those on which it naturally feeds. In 
those animals which feed both on vegetable and animal 
matter, as in man, both are dissolved by the gastric juice. 

The solvent power of the gastric fluid is very well 
shown by its action on the stomach itself j it frequently 
happening, that an erosion, or even a solution of the de- 
pending part of the stomach, is discoverable after death, 
as Mr Hunter first pointed out f . And np fact better 
shows, hbw far the presence of vitality suspends or coun- 
teracts the usual chemical powers, since, during life, the 
stomach does not suffer from the action of this fluid. 
Stevens has however stated some facts to prove, that this 
is to be understood )arith some limitation, and that anU 
mals, even while alive, arei'in some cases subject to the 
process of digestion 

These facts with regard to the solvent power of the 
gastric fluid are truly singular ; they are such as could 
by no means be inferred from any quality that fluid i$ 


* Dissertations, voL i. p. 217. 288. 
f Philosophical Transactions, vol. kii. p. 
% Pissertatio Inauguralis, p. SSf 
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known to possess, or from any other chemical agency It 
appears to be capable of exerting : they admit, therefore, 

I 

of no explanation, and, in our present imperfect knowledge 
of its nature, must be received merely as ultimate facts. 


SI‘CT. VII. 

OF bill:, biliary calculi. 

Bile is a fluid secreted by the liver from the venouB 
blood which has circulated through the abdominal viscera : 
it enters the intestines, and appears designed to serve some 
important purpose, from the large quantity of it secreted. 
It has generally been considered as an assisting agent iti 
the process of digestion, or at least in the formation of 
chyle ; and, in support of the latter conclusion, the fact 
has been generally stated, that no traces of the chyle are 
to be discovered previous to the intermixture of the bile 
with the digested food. It Is no argument against this 
opinion, that the bile cannot Be discovered by any of its 
properties in the chyle ; for these may be changed by the 
combination, or some of its principles only may enter in- 
to the composition of that fluid, wlille others may be and 
undoubtedly are discharged as excrementitious. The sin- 
gularity deserves to be remaiked, that it is formed from 
venous blood, -while the other secretions appear always to 
take their origin from arterial blood. This deviation, per- 
formed too by a particular apparatus, would lead to the 
(^onjecturcj that ja large proportion of carbon isj necessary 
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to its constitution ; and it will accordingly appear from 
its analysis, that its principal solid ingredient is highly in- 

f 

fiatnmabley and is very similar in its properties to the ve- 
getable resinsi in the composition of which we know car- 
bon and hydrogen predominate. Fourcroy has even sup- 
posed, that that portion of it which is excrementitious is 
designed to convey an excess of hydrogen, and we may 
add, perhaps, of carbon, from the system ; and under this 
point of vi6w, which is not improbable, it may be regard- . 
cd as subordinate to respiration, and as freeing the blood 
from principles which could not, without inconvenience, 
be fully abstracted by the action of the air. 

The bile, when first secreted, is perfectly liquid, and, 
in this state, a portion of it conyantly flows into the upper 
part of the intestinal canal. But in many animals,- there 
is also a particular reservoir, the gall-bladder, into which 
a quantity is received, which from absorption beconaes 
more thick, and which occasionally flows into the intes- 
tines. The qualities of the bile do not seem to be other- 
wise much altered in this organ, and its inferior import- 
ance is sufficiently demonstrated by the fact, that in many 
even of the more perfect animals it is altogether wanting; 
It is this cystic bile, however, as it is named, or bile col- 
lected in the gall-bladder, that has been gencrally -examin- 
led, as it is that which is most easily procured. 

It has always a certain degree of tenacity, more or less 
ftCCording to the time during which it has been retained 
in the gall-bladder, and, no doubt, also according to the 
energy of absorption. It feels unctuous, or rather soapy : 
its specific gravity is rather greater than that of water : its 
(olour is green, with more or less of a yellow shade, and, 
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in scytne animals, is nearly pure yellow : its odour Is faints 
and rathcr^aromatic : its taste is extremely bitter, this bit- 
terness being strong even in its most dilute state, and be- 
coming intense when the bile, from stagnation. Is thick 
and viscid. 

Bile, from its obvious importance in the living system, 
has often been submitted to chemical examinatioi\, and a 
number of important facts with regard to it are now as- 
certained. Tor the.se we have been principally indebted 
to a series of experiments by Cadet ^ and by Ramsay f. 

Bile left exposed to the aiinosphere at a moderately 
warm temperature, soon sufTers spontaneous decomposi- 
tion ; it emus a foetid odour, and seems to pass into a 
state of putrefaction. 

^When exposed to a gentle heat, a large quantity of 
water, about 90 parts from 100, pass over ; this water 
has the odour of the bile, but not its taste. The residual 
matter is thick and tenaciouft, of a dark brown colour, 
deliquescent and readily soluble in water ; when kept for 
some time, it acquires a peculiar smell similar to that of 
ambergrise or muik : bile itself, too, acquires this smell 
on being kept, and communicates it to the water distilled 
from it. When the cx.tract of bile, as the substance 
which 'is obtained by evaporation of the watery part is 
named, is exposed to a heat gradually raised, it is dccom- ' 
posed a portion of water having a foetid odour, and con- 
taining sulphuretted hydrogen, distils over ; a liquid next 
passes, brown and very foetid, and containing carbonate 


* Memoircs de I’Acad. des Sciences, 1767* 
t Dissertatio Inauguralisy Edia. 1757. 
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Md acetate of ammonia ; this is succcctled by an dil| at 
first thin and light} bui which soon becomes thick} browrr^ 
and empyreumatic ; more carbonate of ammonia sublimeS} 
and there passes over a large quantity of clastic fluid, con*- 
sisting of carbonic acid, carburetted and sulphuretted hy- 
drogen gases. There remains a black spongy charcoal, 
which^urns easily, and which, when left exposed to the 
air, affords an efflorescence of carbonate of soda. By 
incineration, there is obtained from it carbonate of sodj, 
amounting to nearly half its weight, with a little muriate 
of soda, and some traces of iron *, and, according lo Four- 
croy, phosphate of soda and phosphate of lime. The dry 
matter obtained by the evaporation in this experiment 
takes fire if heated under free exposure to the air, and 
yields the same salts after the combustion, and, accord- 
ing to Thenard, a small portion of sulphate of soda. 

Bile mixes readily with water in every proportion, and 
even in its inspissated state is readily dissolved by it. The 
solution changes the colour of violet, or mallow, to a 
green, indicating the presence of a free alkali. 

The acids decompose bile. If a few drops of acid be 
added, little or no precipitation is occasioned, but a liqucr 
of a reddish tint is obtained. If more acid, however, be 
added, a copious precipitate is formed of a greenish co- 
lour, especially when thrown down by muriatic acid ; af- 
ter some’^ours, as Cadet observed, much of this coagu- 
lum disappears, and there remains on the filtre a sub- 
stance with a slight greenish tinge, and which, as is im« 
mediately to be observed, is very similar in its properties 


♦ Cadet, Memoires de FAcad* des Sciences, 17G7, p» 35L 
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to aUbumen. The liquor obtained clear by filtration, hers 
an extremely bitter taste ; when evaporated, it deposites ^ 
flakes, tenacious and inflammable, mehing and burning 
when kindled, with much smoke like a resin, and solu* 
ble in alkohol. Tlie liquor poured olF from this precipi- 
tate contains soda, as it affords, by evaporation, the salt 
formed by the union of soda ^ith the acid that ifs been 
employed in the experiment 

These phenomena are best produced by the muriatic 
acid the other acids produce effects in some measure 
peculiar. Concentrated sulphuric acid separates from it 
dense flocculi, and gives it a deep colour; diluted sul- 
phuric acid renders it intensely green. Muriatic acid al- 
so precipitates it of a green colour, which from heat as- 
sumes a violet tinge. Nitric acid precipitates it green Ja 
the cold, but, when heated, assumes a red, and ultimate- 
ly a grey colour ; by evaporation it assumes a golden yel- 
low colour, and the bile is converted partly into oxalic 
and prussic ac«ds. Ox y muriatic acid whitens it and ren- 
ders it turbid, by coagulating its albumen, and at the same 
time it converts its resin into a white fatty substance +. 

The action of alkohol on •bile affords results which 
point out still more clearly the nature of its immediate 
principles. When the alkohol is poured upon it, a coa- 
gulum is immediately formed, which floats in a liquid of 
a green colour. When this is separated by filtration, 
there remains on the filtre a white viscid substance, hav- 
ing scarcely any bitter taste and very putrescible, ap- 
proaching therefore closely in its properties to ^ibumew. 


* Cadet, Mesnoires de I’Ac^. des Sciences^ 17G7, p. 34(X 
t Fourcroy, ibid. 17^9, p. 315. 
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and which has hence received the name of the Albumetl 
of Bile. It can likewise be separated, though imperfecN 
ly, by heat, bile becoming |hick when its temperature 
is raised to 170°, independent of any evaporation ; and 
it is it, as has already been remarked, which forms the 
basis of the coagulum separated by the acids. 

, wiln the filtered liquor obtained in the coagulation 
of bile by alkohol is examined, it is found to retain the 
green colour and the very bitter taste of the bile itself. 
Being evaporated, it aflords a concrete substance inflam- 
mable, fusible at 1120°, soluble again in alkohol, and pre- 
cipitated by the aflusion of water * . From these proper- 
ties, in which it approaches closely to the vegetable re- 
sins, it has beeji named the Resin of the Bile, and it ap- 
pears to be the principle in which the odour, taste, and 

t 

probably the most important properties of the bile reside. 
As it exists in the bile in combination with an alkali, some 
chemists have considered it as an oily principle, but re* 
sins are equally capable of combining with alkalis, and as 
this substance can be obtained solid without being unc- 
tuous, while it has also the pitchy tenacity and lustre, it 
approaches nearest in its characters to resin. 

Besides these principles. Cadet observed, that there ex- 
ists in the bile a kind of saccharine matter, which ap- 
proached in its properties to the sugar of milk. * He re- 
marks, that Verheyen had alluded to the saccharine taste 
which is found in the bile when it has thickened by eva- 
poration, and again dissolved in water ; but the principle 
on which this depends, had not been discovered prior tu 


♦ Saunders on tlv Liver, p. 1 1(X 
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his sesearches. He recognised it in different experi- 
ments. Thus, when bile was decomposed by muriatic 
* acid, and the muriate of soda obtained by evaporation of 
the residual pure liquor, he found among the crystals of 
this salt, another matter in trapezoidal crystals, in which 
he observed the resemblance in taste to sugar o^^milk. 
And he also procured it by decomposing bile by nitric 
acid ; it remains in the residual liquor when the coagu- 
%lutn has been separated, united with a portion of the oily 
or resinous matter ; on saturating this liquor with an a- 
cid, this saccharine salt, as Cadet regards it, is precipi- 
tated, the alkali attracting the acid and the oily matter. 
It has been more lately investigated by Thenard On 
pouring into bile sub-acetate of lead, that is, acetate of 
lead boiled with about one-sixth of its weight of litharge, 
the whole of the albumen and oil (or resin) were precipi- 
tated ; the liquor being filtered, the sub* acetate of lead 
was decomposed and separated from it by sulphuretted 
hydrogen ; and by evaporation of the liquid after this o- 
peration, a substance was obtained, the flavour of which 
was at once saccharine and acrid. It being supposed to 
be still combined with saline matter from the bile, it was 
again precipitated by sub-acetate of lead ; the precipi- 
tate, as it is expressed, was dissolved in vinegar to free it 
from the sulphuretted hydrogen, (implying probably, 
though this is not stated, that the combination of if with 
the salt of lead had been decomposed by this re^agent^ : 
it was then filtered and again evaporated. Thus obtain- 
ed, as Thenard conceived, in a state of purity, he found 


* Nlcbolsori'a Journa], voL xii. p* 270. 
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it to be soluble in water and in alkohol ; not precipitated 
by common acetate of lead, but by the sub-acetate : it 
does not ferment with yeast, gives no ammonia by distil- 
lation, and is not affected by the infusion of galls. 

Its most important property is that of dissolving the 
resinous, or, as Thcnard calls it, the oily matter of the 
bile. This matter had always been supposed to be dis- 
solved by the alkali which experiments proved the bile to 
contain, and from which the saponaceous quality of this 
fluid was supposed to be derived. But, according to 
Thenard, the quantity of alkali is not sufficient for this 
purpose ; on the other hand, the saccharine matter alone 
would also be insufficient, as it only renders soluble about 
three-fourths of its weight of the resinous matter, while 
in the bile their weights are about equal ^ he supposes, 
therefore, that the resinous matter, saccharine substance, 
and soda, form a ternary soluble combination, which, 
with a little albumen and certain salts, constitute the 
bile. 

The saline substances which the bile contains, are, be- 
sides the soda, the existence of which has been already 
stated, muriate, sulphate,* and phosphate of soda, phos- 
phate of lime, and oxide of iron ; and he gives the fol- 
lowing as the proportions of the immediate principles of 
this fluid. 

Water, 700 parts. 

Oily or resinous matter, 43 

Saccharine substance, 41 

Animal substance or albumen, 4 
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7S8 parts. 

Soda, 

4 ■■ 

Muriate of soda. 

3.2 

Sulphate of soda, 

0.8 

Phosphate of soda. 

2 

^ — — lime, 

1.2 

Oxide of iron, 

0.5 

• 

799.7 parts# 


Dr Saundersi howeveri it is to be remarked, could not de* 
tect muriate of soda in the bile by the test of nitrate of 
silver 

Scarcely any thing is known with regard to the- varies 

ties of the bile in different animals : that of fishes is said 
« 

to be less bitter than that of quadrupeds, and of a deep 
green colour. There is every reason to believe, that it is 
subject to considerable alteration from morbid secretion. 


THERB are frequently formed in the gall bladder small 
concretions, derived, no doubt, from the changes the bile 
suffers while it remsdns in that organ. These have been 
named^lAUiary Calculi ^ and have been repeatedly sub- 
jects of t^iemical inyestigation. They are not altogether 
unifbrm in their appearaince^ but vary in their colour, 
texture, and hardness, and in their chemical characters. 


Saunders oft the Liver, p. l(J7* 
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The most common kind are of a lamellated structurCf 
Off composed of a substance having much resend>lance to 
the animal fat named Spermaceti^ disposed in crystalline 
laminse. This peculiar matter appears first to have been 
taken notice of by Poulletier de la Salle. He founds thal 
when |hese calculi were digested in alkohoh the liquid, on 
cooling, deposited brilliant crystalline flakes. Fourcroy, 
examining this matter found, that it had a close resem- 
blance in its properties to that species of animal fat which 
he has distinguished by the name of Adipocire, and of 
which spermaceti, as well as the fatty matter formed from 
animal substances under certain circumstances, are varie- 
ties. The characters of this substance are sufficiently 
precise. It melts, but requires a heat superior to that of 
boiling water : in fusion, it has a ismell like wax, and on 
cooling, , forms a substance which breaks into crystalline 
laminsB. It is not soluble in alkohol in the cold v but when 
the alkohol is boiled on it> it is dissolved in a proportion, 
according to Fourcroy, of one part in nineteen,— accord- 
ing to Dr Bostock, one in tUrty f • The solution, when 
it cools, deposites light brilliant scales. It is also soluble 
in ether iri the Cold, and more abundantly if the ether be 
heated. . Oil of turpentine dissolves in general biliary cal- 
culi i and according to Gren, it dissolves those which con- 
sist almost entirely of this peculiar matter $ yetrS^ Bos- 
tpck has remarked, that oil of turpentine acts on it with 
difficulty^ and, even when digested with it at a boiling 


* M^iUoires de FAcad. des Sciences, p. 323^ 
f NiehelsoA’s Journal 8 yo, roL iv. p. 1S7« 
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heati dissolves it in a small degree only. Pure soda and 
potassa dissolve it completely, and reduce it to a sapona- 
ceous state. Ammonia, as Dr Bostock has remarked, ex- 

9 

erts little action on it, except when boiling. Nitric acid 
•dissolves it, and, according to Foiircroy, converts it into 
a Species of liquid similar to the oil of camphor. This, 
as Dr Bostock has remarked, becomes concrete, but with- 
out any crystalline structure, and is more soluble in ether 
and the alkalis than the original matter. 

This substance, Fourcroy has observed, Is contained in 
greater or less quantity in nearly all the human biliary 
calculi, more or less intermixed with other matter, but 
still so far predominant as to form their basis. Hence 
they partake of its properties; are fusible, Jn flammable, 
and more or less soluble in the re-agents which dissolve 
it. Their texture is laminated or radiated : some are 
found in which it Js nearly pure, and which consist of 
layers, soft and brilliant ; in others, it is intermixed with 
a yellowish or greenish matter, probably inspissated bile ; 
and in some, this matter is in so large a proportion, that 
the adipocire is disguised, and is discovered only by its 
deposition, when the calculus* has been dissolved by hoc 
alkohol ; and often the calculus consists of layers, .which, 
from their colour, appear to consist of these principles in 
different proportions. It is not improbable, that this pe- 
culiar matter is formed by changes which take place in the 
oily resinous principle of the bile. 

Other calculi are sometimes found, particularly in the 
4fall-bladdcr of quadrupeds, which have been supposed to 
tourist chiefly of inspissated bile : they, are granulated, 
fftregular, and various in the^r consistence and form. It 

Qq* 
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is to be remarked, however, that though this kind of mat- 
ter, forming the basis of these, and more or less mixed 
with the adipocire in other biliary calculi, may be deriv- 
ed from insplssation of the bile, yet it must have under- 
gone some farther change ; for, as Dr Bostock has remark-* 
ed, it is nearly insoluble both in boiling water and in al- 
kohoL 

To point out the distinctions among all these calculi 
from their mechanical structure, is foreign to their che- 
mical history. 


SECT. VUl. 

t 

URINE. UREE. URIC ACID. URINARY CALCULI. 

The fluid, secreted by the kidneys, is excrementitious, 
or is designed to convey from the body matter which, if 
retained, might prove injurious. It contains more saline 
substances than any other secretion, mixed, however, 
with other animal principles, which give it appropriate 
characters* Some of these are even peculiar to it ; and 
hence its chemical history is of much importance, and has 
b^n the subject of many laborious investigations. To 
these we owe the discovery of phosphorus, which was 
first obtained from this fluid ; and more lately, the dis- 
coveries of the principle named Uree, and of the Uric ' 
Acid. Margraaf began the scientific investigation of its 
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coniposition. Some facts were discovered by Rouelle *. 
Scheele discovered the uric acid, and pointed out the ex- 
istence of some other principles Cruickshank added a 
number of important facts on the modes of analysis, point- 
«cd out more clearly the printiplos existing in urine, both 
in a healthy and a morbid state, and distinguished the pe- 
culiar animal matter which it contains The nature of 
this principle, and its peculiar characters, were more am- 
ply developed by Fourcroy and Vau(|uelin *, and a very 
full view has been given of the chemical history of urine, 
in two memoirs by these chemists ||. 

The colour of urine, when it is newly discharged, is 
a pale yellow : its odour is peculiar, but not strong nor 
foetid, such as it becomes when it has stood for some 
time : its consistence and specific gravity are rather great- 
cr than those of water : it is perfectly transparent, but be- 
comes more or less turbid as it cools. These qualities, 
however, are always liable to variation, according to the 
length of time it has remained in the bladder after having 
been secreted, and according to the diet, the quantity of 
drink, and other circumstances which influence the secre- 
tion. •. 

Urine, examined when immediately discharged, is in 
general sensibly acid, and reddens the infusion of litmus. 
This acidity it owes to the presence of phosphoric acid, of 
■Jwiwoic acid, and of an acid peculiar to urine and urinary 


* Journal dc Medicine, 1773- 
f Chemical Essays. 

X Kollo on Diabetes, 2d Edit. 

11 'Memoires de ITnstit. .National, tom. ii. and iv. 
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calculi, and henc£ named Lithic or Uric Acid. But. in a 
very short timci from' the spontaneous decomposition of 
a principle contained in it, that named Uree, a quan- 
tity of ammonia is evolved, which not only neutralizes 
these acids, but renders the urine alkaline. Previous to 
this, however, and as the urine cools, it deposites, unless 
it has been in a very dilute state, part of the uric acid 
which it contains, in minute crystals of a reddish colour, 
and in some states of the system this deposition is even 
abundant, forming principally what is named the Lateri- 
tious Sediment. The deposition of this, however, is 
soon interrupted, from the evolution of ammonia, which 
neutralizes it ; urate of ammonia is deposited ; the free 
phosphoric acid is likewise saturated ; the proportion of 
phosphate of ammonia is thus increased, and the neutral 
phosphates of lime and of magnesia, which were retained 
in solution by the free acid, are deposited, the latter at- 
tracting a portion of ammonia, so as to form a triple phos- 
phate of ammonia and magnesia. The benzoic acid pas- 
ses to the state of benzoate of ammonia. As the decom- 
position proceeds, the ammoniacal odour becomes strong, 
and at length the urine is«highly alkaline, from the pre- 
sence of carbonate of ammonia, so as to change the ve- 
getable colours to a green, and even to effervesce with 
acids. In ths state it likewise, according to Fourcroy 
^nd Vauquelin, contains, neutralized by ammonia, a por- 
tion of acetic acid, derived, as well as the ammonia and 
the carbonic acid, from the decomposition pf the uree. 
If kept until the whole of this uree has been decompose 
ed, there may be obtained from it* by evaporation, its 
remaining salts, which are ^principally phosphates and 
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mumteSy with bases of ammoniai sodai magnesia, and 
lime. During the progress of this spontaneous decompo- 
sition too, a mucous or albuminous animal matter is also 

r 

deposited in ilocculi, at first very light and of a pale cq-> 
Jour, but becoming more dense and dark ; and in some 
states of the urine, the proportion of this is even greater 
than of saline matter: Sometimes the ammoniacal pun- 
gency is much less strong, or is scarcely apparent, and a 
mouldincss or acescency rather marks the decomposition. 

The acid contained in recent urine in a free state, is 
principally tlie one denominated Lithic or Uric, and which 
though present in very variable quantities, is contained 
more or less in all urine. Even when it is not spontane- 
ously deposited, It may be detected by its tests, particu- 
larly by the pink colour which it gives with nitric acid ; 
it is often made to precipitate, by concentrating the urine 
by evaporation, or it may be thrown down by the addi- 
tion of an acid. With uric acid, there is almost always 
present a portion of free phosphoric acid, which is, how- 
ever, soon saturated by the evolution of ammonia. A 
small portion of benzoic acid is also usually present, as 
Scheele disjcovered ; and in the urine of children, as well 
as that of horses and cows, it is often contained in consi- 
derable quantity in which case the other acids pxist in 
smaller proportion, and the uree appears also to be defi- 
Hence, by mere evaporation of the urine, and the 
application of a sufficient heat to the residual matter, the 
benzoic acid is sublimed. It is also precipitated when 
/fiuriatic acid is drop into the urine, evaporated to the 
consistence of syrup. 
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When urme is exposed to a gentle heat, water, holding 
carbonate of ammonia in solution, is evaporated ; the pro- 
portion of which increases, as the evaporation proceeds. 
T'he liquid becomes turbid, darker in its colour, and 
stronger in its odour ; and a flocculent matter, with & 
whitish powder, are precipitated : the former being sup- 
posed, by Fourcroy and Vauquelin, to be albumen, the 
latter being phosphate of lime and uiic acid. When re- 
duced to the consistence of thin syrup, if put aside, it 
passes to the state of a confusedly crystallized mass. If 
the liquor poured from this be again evaporated, this is 
repeated ; and in this way several successive formations 
of crystals, irregular, and of a brownish colour, take place, 
leaving at length a liquor, deep coloured and of a thick 
consistence, in which the uree exists in a state of solu- 
tion. 

The saline matter obtained from urine by evapora- 
tion, has long been a subject of chemical investigation : 
it was known to the alchemists, and it engaged the atten- 
tion successively of Margraaf, Pot, Roueile, and Scheele. 
It had received the absurd name of Microcosmic Salt, 
and, from its fusibility, haS also been named Fusible Salt 
of Urine. It was known to afford phosphorus by distil- 
lation. , Margraaf recognised in it the presence of muri- 
ate of soda and phosphate of ammonia, and likewise the 
phosphate of soda ; without, however, being fully acqUiffsrt-^ 
cd with the nature of this last salt ; he observed too, that 
it is the phosphate of ammonia alone which affords phos- 
phorus, in the usual process of obtaining it from urines 
Roueile distinguished more clearly the phosphates of am- 
monia and soda, an4 described the methods of separating 
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and purifying them. He announced also the presence of 
muriate of potassa, which had been before confounckd 
with the muriate of soda, and which, it now appears, i» 
present even in larger q^iiantity than 'that salt. He suppos- 
ed, that he had likewise extracted sulphate of soda ^ but as 
this has not been found by other chemists, there is reason 
to believe that he had been deceived, and had mistaken 
for it the phosphate of soda, or, as Fourcroy has observed, 
the triple pliosphate of ammonia and magnesia. The sul- 
phate of lime, which he also supposed he had discovered 
in this saline mass, it appears from the subsequent disco- 
very of Scheele, is phosphate of lime. Fourcroy and 
Vauquelin have since discovered the phosphate of magne- 
sia. These salts tlicn, — the phosphate of soda, the phos- 
phate of ammonia, phosphate of magnesia, phosphate of 

* 

lime, muriate of soda, muriate of potassa, muriate of am- 
monia, and the triple compounds of phosphate of soda 
and ammonia, arrd phosphate of magnesia and ammonia, 
with a portion of uric acid, more or less saturated with am- 
monia, and urec, compose the crystallized mass obtained by 
the evaporation of urine. They exert, it is to be remarked, 
mutual affinities, in consequence of wdiich their perfect 
separation is difficult, and they even modify their respec- 
tive properties : the muriate of soda, for example, in cry- 
stallizing, takes the form of an octaedron, and not, as 
^hen pure, that of a cube ; and the muriate of ammonia, 
instead of appearing under its usual form of a prism, crys- 
tallizes in cubes. These modifications, according to Four- 
iifoy and Vauquelin, are owing principally to the action 
of the uree on the saline matter. It is also to be ohserv- 
Pd, that all these salts do not* pre-exist in the urine ; those 
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containing ammonia derive this alkali principally from its 
formation during the evaporation. 

It is difficult to determine the proportions of these to 
each other, as they are liable to considerable variation 
from the circumstances influencing the secretion. Mi 
Cruickshank, in his analysis of urine, undertaken in the 
course of DrRollo’s investigation of the nature of dia- 
betes, has given the most precise information on this 
point, and indeed the most valuable information we have 
with regard to the analysis of urine *. “ By evaporation, 
S6 oz. yield a residuum, varying from one ounce to one 
and a half ; this consists of the muriates of potash and 
soda, the phosphates of soda, lime, and ammonia, the 
phosphoric and lithic acids, with animal extractive mat- 
ter. Their relative proportions in a healthy state may^ be 
pearly as follows : 



oz. 

dr. 

gr. 

Muriatic salts, 

0 

1 

0 

Phosphoric salts,* 

0 

3 

50 

Lithic acid and phosphate of lime. 




with excess of acid, 

0 

0 

25 

Animal extractive matter, (uree). 

0 

3 

40 


The neutral salts, when purified by crystallization, 
are generally very fusible i but this circumstance varies 
much, according to the greater or less proportion of 
phoric salts, more particularly the phosphate of ammonia, 
on which their fusibility in a great measure depends : in- 
stead of melting, this saline matter sometimes decrepitate 


* Kollo on Diabetes, 2d Edit. 
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” when saddenly heated, owing to an excess of the muri- 
atic salts : of these last it may be observed, that the mu- 
riate of potash is in general the mos^revalent, and is ea- 
sily distinguished from the muriate of soda, by its crystal- 
lizing in some degree by cooling, and by its affording 
cream of tartar on the addition of acid of tartar. 

<< In recent urine, the ammoniacal salts bear a very smalt 
proportion } but when it has become stale or putrid, they 
are much more abundaiit. The phosphate of ammonia is 
the principal, although we have likewise met with the 
muriate of ammonia. 

The Hthic acid and phosphate of lime are generally 
deposited, at least in a great measure, after the urine has 
become cold, and stood for some time : the quantity of 
the^hrst varies exceedingly, but that of the last we have 
found, for the most part, nearly the same, the proportion 
being about one grain to two ounces. 

** These substances may be easily distinguished, by dis- 
solving them in twice their weight of nitrous acid, dilut- 
ed with a little water, and evaporating to dryness : the 
dry mass, when hot, will assume a beautiful deep rose or 
crimson colour, when the lithic acid is present, but will 
continue white if heated even to redness, or have only a 
slightly greenish tinge when there is nothing but phos- 
phate of lime. Their relative proportions may be ascer- 
*tjiihedijy exposing the mixed mass for some time to a red 
heat in a crucible ; in which case, the lithic acid will ei- 
ther burn out or evaporate, leaving the phosphate in a 
pfi-e state. 

** The quantity of extractive matter is mere variable 
llian that of any other substance ; hysterical> or crude 
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urine (as it has been called), containing hardly any, while 
that of concoction abounds with it?’ 

If the entire mass of urine be at once evaporated, and 
the solid matter be urged by a strong heat, it affords very 
foetid carbonate of ammonia in large quantity, with a lit^- 
tie prussiate of ammonia, an empyreumatic oil, gases 
composed principally of carbon and hydrogen : muriate of 
ammonia is also sublimed ; and towards the end of the 
process, if the heat be raised hi^h, a small quantity of 
phosphorus distils over, produced by the decomposition 
of the phosphoric acid in the phosphate of ammonia. It 
was by this method that phosphorus was procured by 
Kunckel and Boyle. The coal which remains at the end 
of the process contains the salts which have not been de- 
composed,— muriate of soda, and phosphates of soda and 
lime. 

The action of different re-agents on urine is instructive, 
as leading at once to a knowledge of a number of the 
principles which exist in it, some of which could not 
otherwise be easily recognised. The principal accurate 
observations on the effects of these are those of Scheele, 
Cruicksbank, Fourcroy, and Vauquelin. 

The greater number of the acids in general produce 
little sensible effect upon it in the healthy state. The oxa- 
lic acid only gives a precipitate, by combining with the 
lime of the super-phosphate of lime which recenr u rt Hu- * 
contains. If it contain bensoic acid, the muriatic acid is 
said to precipitate it. If it be much loaded with uree, ni* 
trie acid throng down a scaly precipitate of a pearly 
tfe. And, in certain morbid stsrtes, as in dropsy, the ^ 
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:id$\ometlmcs occasion a milkiness, or even a coagul^ 
tion of the urine^ from albumen being contained in it. 

The fixed alkalis, added to urine^ throw down a slight 
precipitate, whidins phosphate of the alkali satura- 
• 4 ting the excess of pha^horic apid by which this was kept 
dissolved. About 2 gra^s, according to Ciuickshank, are 
obtained from 4 ouncM urine. The watery solutions* 
of lime,T5aTytes, and ^rontites, produce still more copir 
ous precipitates, as the |ialts they form with the phospho- 
ric acid, with which they unite, are insoluble. The fix- 
ed alkalis and lime disengage at the same time an ammo- 
niacal odour, by decomposing the phosphate of ammo- 
nia, and partly, perhaps, by causing a formation of am- 
monia from the elements of the uree. 

The nitrates and muriates of barytes, strontites, and 
lime, form precipitates, by decomposing the phosphates 
contained in urine ; and they may conveniently be em- 
ployed to discover the absolute quantity of this acid, tlie 
precipitate being collected, weighed, and dried. Four 
ounces of healthy urine, according to Cruickshank, yield 
with muriate of barytes a precipitate of 15 grains, con- 
• sisting of phosphate of baryte#, produced by the decom- 
position of the phosphates of soda and ammonia ^ a 
precipitate of 13 grains indicates a quantity of these, or 
of what has been more peculiarly named Microcosmic , 
gqtt wale nt grains i and, of course, this test 

niay shew the proportion of these salts in the urine. The 
nitrates of silver, quicksilver,, and lead, occasion a copious 
*p*1jcipitation, the precipitate consisting principally of phos- 
phoric acid, but partly also of muriatic acid, with the me- 
tallic oxide. If nitrate or acetate of lead be employed, the 
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muriate^ of lead, it was remarked by Cruickshank, may 
be "dissolved, by boiling in 18 or 20 times its weight of 
water, the phosphate of lead remaining undissolved, and 
thus, by weighing the original precipitate, and the loss it 
sustains in this operation,p the qjipsitities of phosphoric* 
and of muriatic acids in the iirme may be determined. 
** Four ounces of heathy urine j* treated in this way, yield 
a precipitate of 3 1 grains ; this baing digested in distil- 
led water, 7 grains were taken upf the remaining 24 were 
found to be phosphate of lead, equivalent to 23 or 24 


grains of microcosmic salt 

Infusion of tannin almost always detects in urine a 


little gelatin, by the cloudiness it occasions or the preci- 
pitate it throws down ; about 4 grains are usually ob- 
tained from 4 ounces of healthy urine, and, in certain 


morbid affections, especially where the digesthse organs 
are impaired in their power, the quantity of gelatin dis- 
covered by this test is considerable. Some chemists have 
suppo^d, that the precipitate tannin occasions may be 
owing to the presence of albumen ; and Fourcroy and 
Vauquelin have observed, in proof of this, and of the pre- 
sence of this principle, tKat flakes are formed in urine 
merely by heating it ; but, with regard to this, there is 
still some obscurity, for no coagulation is produced in it 
either by aci^or by alkohol, which there ought to be, 
did it contain albumen. - 


It has been stated, in the preceding account of the ana- 
lysis of urine, that when it is evaporated, so as to obtain 
the greater part of its saline ingredients by precipitation , 


Cmickslumki RoUo on Diabetes. 
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fnr ciystaUizatlon, there remains, at lengj^h^ a liquid o£ a 
dark colour^ of a thick consistencei a^d unj^riM^hcable, 
having the more evident urinous prog^ies- Tl^is liquor 
is principalljr a sg^tion animal principle 

Icontained in urine. ^^"<)hi^ned]by evaporation, in a state 
of more^or less intermjW^ with tlie saline ingredients^ 
jt was named, by th^ ^d^S^emists, , the Extraspt of 
Uriner^t had been ^stinguishe^^ore particulad^..by 
Kouelle, and considereji by him even as a distinct sub- 
stance*. There may be obtained from the urine, he ob- 
serves, besides the saline matter, two < substances, one 
soapy, the other eirtractive; the first is very soluble in al- 
kohol, the second is insoluble. The soapy substance, 
(which is evidently the uree)^ he describes as of a brown 
colour, a foetid ^ odour, an unctuous consistence, crys- 
tdllizable like a saline body, not easily susceptible of ex- 
siccation, attracting humidity from the air, and giving by 
analy^sis more than half its weight of volatile alkali a 
little eii, and muriate of ammonia. It iis evident, observe^ 
Vaumelin, that Rouelle, by . these chai^ctera, had very 
w^ distinguished a peculiar principle existing in urine. 

His observations, however, were neglected by succeed- 
ing chemists ; and the existence ot this principle inay be 
^id to have been rediscovered by Mr Cpuclcshafik^ who 
obtained it by a peculiar niethod, and contSl^ped it under 
A I iijill nf V]mv ihsgi iIkij diffejout from that exhibited 
by Rouellef* « If to an oupee^? vayshe, “ of tbe extraii^ve 
of urine, there be added an ounce qffthv Cfm>^ 


* Journal de Mediciaer 177l« 
t Kollo on X)idbetei^^!2d edi^ 
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jBl?riti^Si/ed nitrous acid, diluted with an equal quantity cJT" 
water, Aa vi^ient effervescence, accompanied with heat, 
and thci', disengaj^^^ment of Aitrous gas, will take place j 
when the action has c'eViaca, the li\uor become cold, 
a number of .shining scalds, or C^i'jthls, resernbling the 
cid of borax, ,will be dcposit^^"'\vhich, wdien well dried 
on Wotting paper, will Ve fcudiidj^’to weigh from 5 to % ‘ 
drachms, or sennet more, th/* proportion varying ac- 
cording to the quality of the exhact, and the method of ' 
conducting the process. 

“ The "figure of these, scales appears to be that of flat 


rhomboids ; they have a smooth greasy feel when press- 
ed between the fingers ; .are soluble in much greater 
. quantity in hot, tliaii cold water, and also in some degree 
in alkohol j although repeatedly washed with this fluid, 
and^dmd on blotting' paper, they still retain acid proper- 
ties, and strongly redden the syrup of violets t they are 
readily taken up by the sulphuric and muriatic acids with- 
out commotion ; but, with the nitrous acid, theyp)}oduce 
a kind of effervescence, and appear to be in somcVmea- 
siire decomposed j they combine with the mild alfes^b 
wnth effervescence, and form very soluble neutral salts/ 
whose properties have not been sufficiently examined. 
Their solution in water does not precipitate lime-water, 
nor the munat^s of lime or barytes, nor the nitrates of sil- 
ver or mercury, in atiy sensible^'^^gVCe, noflfas if afly ef-' 
feet upon the sulphate of iroilt or acetate of lead ; they do 
nor, therefore, contain phosphoric or oxalic acid ; when 
thrown upon a ted hot iron, they melt and evaporate in 


white smoke, leafing a very small quantity of a charry re- 
* eiduiim, by no means fifficult to incinerate j but when \ 



"exposed tb an intense hedt, they bum with a/^diisli 
ilamc, and a kind of detonation somewhat 3imijar to the * 
nitrate of ammonia. . 

«« From thedirf^jpcrfH^nt^ appear, that this 

substance Is an anirnfr^id hitfiertb unknown, and whose 
basis exists in this ex^^Thi^matter.’' 

Fotircroy and VauAclm, in^^lissertation on the urine 
of the horse prior ^ the piibliSsfcion of Cruickshank’s 
experiments, had observed, that if to the liquor remain- 
ing after the separation, by evaporation, of the saline sub- 
stances, and of the benzoic acid by muriatic acid, there 
be added nitric acid, a precipitation immediately ensues of 
slender brilliant crystals, so as to form, in a short time^ a 
concrete white mass, which at length became of a brown 
cejour. This, after a slight examination of its proper- 
ties^ they considered as a new principle, before unknown 
to chemists i it continued to engage their attention ; and, 
in a Subsequent memoir f, they gave a very ample detail 
of tile, facts they had discovered with regard to it. They 
gave to it, from the secretion in which it is principally 
^^^round, the name of Uree. ^ 

The following is the method by wdrich these chemists 
obtained this substance in an insulated state. 

Urine is evaporated, by a very gentle heat, to the coa- 
sistence of thick syrup. It thus" acquires a dark brown 
colour; and a ?0£ti^''*9frtmonUical smell. On epoling, it 
concp;|AS into a confusedly crystallized mass, consisting 
mixture of its salts with the urinary matter. To ob- 


* Memoires de Plnstitut. Kational, tom. ii. p. 4 13. 
f Ibid. torn. iv. p. 402. * * ^ 
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t^itt there was poured on this mass four timc^ its*" 
' weight V alkolic^, in successive portions, heating them 
gently ; ^le grcat^ii nart Is dissolved, and gives a dark 
brown colour to the fluilf/’'^tH^*‘‘hTema^is undissolvcd a 
saline matter nearly white. TY^*^olution contains the ’ 
ur^e : it is distilled in a retort in a sand bath ; the 

alkobbl passes over foetid wnpfbgnated with egrbon-- 
ate of ammonia, aiv^ -f' portion of animal matter. The 
distillation is Continued until the fcquor is of the consist- 
ence of syrup', the alkohol is thus dissipated, and the 
matter, in cooling, crystallizes under the form of quad- 
rangular plates, crossing each other, of a brilliant yellow- 
ish white colour. This is the Uree. It exhales a strong 
urinous odour : it has a degree of tenacity which renders 
it difficult to be cut or detached from the vessel inwhi^h 
it has-been evaporated: it attracts humidity, however, 
from the air, and forms a thick brown coloured liquid $ 
and it dissolves rapidly in a very small quantity of water, 
producing, during its solution, a very sensible degrtee of 
cold : it is less soluble in alkohol, but its solution iiKthis 
fluid, saturated by being made with the assistance of hea*3^ 
, gives, on cooling, crystals more readily than the watery 
solution. Its solution in water, when concentrated, is of 
a brown colour $ which, by dilution, passes through the 
different shacf&Vof orange, yellow, and lemon cedcur, so 
as to resemble urine In the varioVc iiStes In whict it oc- 
curs. And ‘they regard it, with justice, as the, principle 
in which the most characteristic properties of this aniS^al 
fluid reside. 

FouTcroy and Vauquelib; have given, in their memoir, , 
a very detailed account of Uie chemical properties and 
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"^elakicms of uree, from vrhich 1 givd abridgec^st^te- 
ment of the principal facts^ 

in a retorc connc^^ 
tus adapted to ^^ect It melts quickly> and 

a vapour is disengag^d^|idiich Condenses in the neck of the 
retort into a crystallin^BtMmsite) having a41 the appearances 
. of benzoic acid, wh]fch\as^’JiHpbably been contained in 
the uree, and derived f»m the uri\^^Whenthis has ceased, 
carbonate of ammomalsublimes ; and the sublimation of 
it continues, without interruption, to the end of the expe- 
riment ; no oil is condensed, nor even any watery liquor, 
but merely the salt tinged brown, and of a very ftetid o- 
doun As the heat is raised, this odour becomes more 
insupportable. The matter appears, at length, at the 
bottom of the retort in a dry state, black, and covered 
with a white crust ; this sublimes, and is found to* be 
muriate: of ammonia. After exposure for two hours 


Exposed to heat 


irith ill 


appara- 


longer to the fire, the carbonaceous residuum gives, by 

3 tion, a liquor smelling of prussic acid, and which 
itates, with the aid of an alkali, the solutions of 
ilue : it contains, too, muriate of soda, and a little 
muriate of ammonia. In burning it in an open fire, it 
disengages an amrnoniacal odour, mixed vsrith that of 
prussic acid. There remains, at length, a matter, a- 
mounting to about an hundredth part of the uree, 
acrid, nges the vegetable colours to at 

green, and effervesces witli acids, being, apparently, ear^ 
b^^te of soda. , f . 

In the progress of this decomposltionj carburitted hy- 
drogen gas, with perhaps a iittle carbonic acid and nitro- 
gen gases, were likewise disengaged*-^ In repeating the 

R r S 
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isxyilhmentf it was {bundj that 288 pa^s of utee gavc^O^^ 
patt$ of\ carbonate of ammonia, 10 parts of carburcttcd 
hjrdrogeil gas, 7 V^rts of residnal charcoal^ J88 parts of 
muriate of ammonia, miiriate of so« 

da, with quantities too mijiute »|j>o^stimated of oil and ^ 
prussic acid. The benzoic acicj^p^tiate of ammonia^ and 
muriate of soda, these c^^^iiisy cd^isidered as contained . 
in tJtO ’ uree, but probiCbly foreig/ to its complosition l 
hence, irom the other products, itf follows, that this sub- 
stance is a compound of nitrogen, hydrogen, carbon, and 
oxygen ; and the large quantity of ammonia which tlie 
analysis affords, proves, that, among these dements, the 
ni^fogen is present in largest proportion. "T!)e propor- 
tions could not, from this exp^ment, be fixed, perhaps, 
with perfect accuracy j but, from the quantities of am- 
moniay carbonic acid, carburetted hydrogen, and 
charcoal produced, compared with the quantity of urec 
decomposed, they are stated by Yourcroy and VauqUelin 
at 39.5 oxygen, 32.5 nitrogen, 14.7 carbon, and il 3.3 
hydrogen j and admitting a correction of these, on account 
of the portion of water which might be supposed to hi^ 
pre-existed in the matter, tHere is a reduction in the pro- 
portions of oxygen and hydrogen, and the nitrogen be- 
comes, not only with regard to the characters it commu- 
nicates, but in: quantity also,. the pTedominatii^,,,ingrc- 
dient. 


So susceptible is this prii^iple of decomposition, and 
BO liable are its principles to pass into those combinatlbi^s 
which form ammonia and carbonic acid, that, by merely 
^stilling it /With water, it^j^ alrpost entirely converted iu- 
,Q carbonate of ammonia# ^ subjecting to distillation .® 
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' "jjDlukon of two parts of uree in nine parts of waterj the. 

* 7 

water passed over, charged with carbonate of ammonia, 
transparent and pure ; the residual quality became con- 
crete on coolin^^4hd colour, and less 

* 'crystallized. On a^:n£j|^ tlii/ the same quantity of wa- 
ter as before, and repcJi^^^the distillation, aiiotiicr soluV 
'Nation of carbonate of aiimoniaVatjnged brown, was obtaiiXT 
ed. A Siird distillatii^i gave a sirdar product, but :Of a 
‘ deeper colour, as if it were oily, and from which a little 
charcoal was deposited. After tliese three successive 
operations, the urce had ailbrded more th..n half its w 


of carbonate of ammonia, and yet its power of yicKl;ng 
this product was not exhausted j for although, when di- 
luted with a fresh quantity of water, it gave indications 
of the predominance of acetic acid, yet it lost this aculity 
in fouf^or five days exposure to a temperature of 77", and 
again gave an ammoniacal water by ovapor.uion, deposit- 
ed some crystals of muriate of soda, and afforded a pre- 
cipitate of urec with nitric acid. Thus, this principle is 
more' susceptible of decomposition than almost any animal 


When abandoned to itself in solution in water at a na- 


tural temperature, other affinities are exerted among its 
elements, and it passes into the acetous fermentation. Tlie 
liquor,^ exposed in a vessel imperfectly closed,^ soon became 
turbid, anJVranl^coitcti^iJ mi it^surface, bubbles of air con- 
tinued to be disengaged, and; a lighted candle let down 
injj^ the upper part of the vessel was cxtlngnUhe^l. It 
, acquired a sharp acidulous hut hetid odour : iE^4.he end 
^ of three months, this fermen|^tion had ceased : it wasr 
then subje cted to distillation, twide the weight of tho'sirb* 

K' r 4f 
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ia il^j^When he: 
^Dcen a^cd to 


giiudSnatter, of sul^ihuric acid being added. A protfucfT 
^ Ivas obtained, containing acetic and also benzoic acid : the 
residuum contain\^ eulphate of ammonia, and gave a pre* 

' cipitate of charcoal. of the 

urce had combined so as ti formi(|no/^cetic acid and less' 
carbonic add and ammonia ihj^When heat \iras applied. 
When a little albumen h^iiM3cen a^cd to the solution of- 
UTee> the phenomen a^y Sf fermenjjfation were still more 
strikingly exhibited ; and althougn acetic acid was form- 
ed,, the product of ammonia was greater, so that the liquor 
was sensibly alkaline. 

Urec, subjected to the action of acids, presents rc.sults 
aifdgether different from those exhibited by any other 
animal principle, and wIhc&' throw light on its peculiar 
composition- 

Its solution In water, mixed with a fourth ipf its%eight 
of sulphuric acid diluted, gave no effcrvesccncck The 
mixture, heated until it boiled gently, became covered 
with a layer of oily matter, black, and which became con- 
crete on cooling. The liquid which had evaporated and 
been condensed, during this action was of a yellow coloifts^ 
particles of charcoal were diffused through it : its odour 
was similar ip that of empyreumatic acetic acid, its taste 
hot and acrid. It reddened litmus, without precipitating 
the'barytic salts, and ther^re, though acid, contained no 
sulphuric acid. Saturated Umoy bratiorded acetate 
and benzoate of lime j the b^oic acid, accordiiigjto the 
Supposition of Fourcroy and Vauquelin, having been^ 
inved from the urine. The residual liquor contained 
ipuch sulphate of ammon^kr* Hence, in the decomposi- 
the uree by th6 l^f^uric acid, its elements bad 
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becxi coml^Ined so^ as to form piinci|»»Uy aft oil^ aisettc 
acid) and aihcnonia) a little charcoal bei||ig/precipltated. « 

The manner in^ivhich nitric acid actaon or^e is peculiar 
and singular, and altogether difftii'ent from what would bib 
expected from the knowii agency of this acid. \Jf6e h 
extremely susceptible of decomposition i and nitric ^acid 
is, of. any agent, that Which with most energy in d)^ 
composing vegetable or animal sitbstanccs j yet tlie ttree 
Is not decomposed by it, but rather enters into combina- 
tion with it« The observation by Cruickshank, that a 
precipitate of shining scales or crystals is ^oduced when 
nitric acid is added to urine concentrated by evitporation, 
has been already stated 5 and Fourcroy and VaUqudin 
have found, that the same ^pearance is produced still 
more distinctly with pure ur^e. When the nitric acid is 
added a strong solution of it in water, there is an in* 
slant deposition of crystalline plates, white, brilliant, and 
pearly, which augments so rapidly, that the whole mix- 
ture nearly appears to be converted into this matter. 
These chemists sought to determine its nature. When 
heated gently, it softens and melts like oil, a brisk effer- 
vescence takes place, and it is in part converted into ni- 
trate of ammonia- Hence they regarded it as a compound 
of the uree and nitric acid. 

When the nitric acid is concentrated, and particulWy 
when it is surcharged, with nitric oxide, and when' the^ 
uree is in a concrete state, the mutual action is att^ded 
with a brisk effervescence, ^nd an evolution ni- 

n trie oxide, nitrogen, and carbonic acid gases disen- 
gaged, and there remains a* 1 «^hitc or yellowish concrete 
niatter, with a . few drops of a red liquid t if ihit residuum 
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it detours uad inflames in the satine manner 
^ as toitrate of amiponia. . In this rapid actita> then, the 
':nMe is decomposed* If acid be diluted, and heat ip* 
/:|>lied, it likewise suiFer9^4*c»ntpositioa, but more slowly^ 
so that the progress of the opel^tion, and the products 
sjttising from it, can be more a^rately observed. Four- 
croy and Vauquelin found; that iltitrogen and carbonic. 
aci^j^ses'*were firsl^di^enga^d in large quantity, then 
nitric oxide, mixed with carbonic acid : an elastic fluid, 
similar to atmospheric air, having a sharp odour of prus- 
sic acid, likewise appeared, when the disengagement of 
nitrogen had ceased, and that of nitric oxide commenced : 
at^e erid of the second day, a gentle heat having been 
always applied, the matter having becortie thick, and fur- 
nishing scarcely any considerable i^apoiir, topk Are, with 
i violent e^tplosion : there remained in the bottom of the 
vessel an oily carbonaceous matter, which gave fo water 
with which it was lixiviated an odour of prussic acid and 
imamonia, as well as the property of precipitating the so- 
lutions of iron blue. A quantity of charcoal remained 
after the lixiviation ;.and dbere was condensed in the re- 

m € ■ 

:ceiver a yellow liquor, very odd, bn which floated a few 
oily particles having a penetrating odour. A considerable 
loss: attended the opei^tion ; and hence the proportions 
of 4he productiS^could not be determined so as to any 
certain results ^ bixt, as Fourcroyagd VauqBetin hove ob- 
served, there is in this decomposition scarcely any sensi- 
ble prodiKt^on of that fat matter, of the yellow bitv^ 
principle,:<ii> 'Qf the oxalic or saccho-lactic acid, which are 
so generally the productSybS^jthe action of nitric acid on 
animal malter : the whole^i^cpfsists in the disengagement 
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of nltrogcil and the formation of catbonic acid, pruasic ^ 
acid, and ammonia, — a result which si^ows dearly the 
predominance of nitrogen in the composition of uree^, 
that, next to itj carbon is contaiiicd in largest quantity, 
and that the proportion cf hydrogen is comparatively 
small.' . 

. Muriatic acid produces on this principle scarcely any 
‘ effect, precipitating it only from its solution in alko^in 
brown flocculi. , Oxymuriatic acid, however, produces in 
it a decomposition somewhat peculiar. When the oty- 
muriatic acid gas is transmitted through its solution, it is 
absorbed in large quantity^ the liquor becomes browm, 
flocculi of the same colour appear, which soon become 
yellow, and adhere to the aides of the vessel like a cOn- 
crcj:e oil. These beccime paler in their colqur, small 
bubbles of air continued to be disengaged from them,^ 
even long after the, transmission of the oxymuriatic, acid 
gas had ceased : this air consisted of about one-third of it 
carbonic acid, and two-thirds nitrogen. The liquor, at 
j^thc end of the experiment, contains a large quantity of 
muriatic acid, with a portion of undecomposed urce. It 
appears, therefore, as Fouicroy and Vauqueliti have giv- 
en the rationale of this operation, that the oxymuriatic 
acid had first decomposed part of the urec, by yielding to 
it oxy^pn ; that it had likewise continued to re-act on the 
flocculi. produced from shis decomposition, and to disen- 
gage from them nitrogen, its oxygen at tlie same time 
combining with carbon ; .while the muriatic ^ atSid into 
^ which the oxymuriatic acid had passed fixed and retained 
iu the liquor the greater part^’t^^'^tho ureo, protecting it 
from deconiposilion, ^ 
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i$ perfectly sdable in alkaline sdlqtiiliSi and, at 
^ the same time, partially decomposed; When trituraN 
with a solution of potassa, a sUong ammoniacal odour 
is immediately exhaled*; and as the eame effect is produ- 
ced by carbonate of soda or of potassa, by lime, barytes, 
and^e^n by magnesia, it probably arises from the decom- 
position of muriate of ammonia, mixed with the uree, 
Btit!4ltesided this, when thU principle, in its solid state, is " 
triturated with potassa, dry and in powder, an energetic 
aciuon is manifested ; the temperatuie rises considerably ; 
there is disengaged so large a quantity of ammonia, that 
it uiust be considered as formed by the combination of its 
e^nents ; the colour, at the same time, deepens, and an 
oily^ike matter appears on the surface. When heat is 
applied, even though the mixtute^has been previously di- 
luted with 4 or 6 parts. of water, the decomposition is ra- 
pid, und proceeds to a greater extent; pure ammonia, 
a portion of carbonate of ammonia, are disengaged 
and absorbed by the water in the receiver : the residual 
matter, diluted with water, gave a violent effervescence 
on the addition of weak sulphuric acid ; indicating, that 
of the potassa was in Ihe state of carbonate. A vo- 
luminous f occulent precipitate was at the same time de- 
posited^ having the properties of a concrete oil : and, in 
the last placei^ the liquor being submitted to distillation, 
afforded acetic and benzotciacids#* Tl^ potassa, diSrefore, 
assisted by the heat, had decomposed the ur<£e in a man<* 
,ner analagpus to the sulphuric acid^ or to that which tUs 
- principle ^suffers spontaneously at a high temperature, the 
products bdng nearly ammonia, carbonic and 

acetic adds ; and differei^^Pin those which this alkali 
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usually produces it causes the decoiwposition^f ini- .. 

tnal matter, particularly in the small pfc^ortion of oily , 
matter that had been formed ; ^ diiTerence no doubt ow^ 
ing to^he larg^rdportion of nitrogen, and smaller quan« 
tity of hydrogen, in the composition of uree. 

Uree has a singular effect on some of the neutral sake, 
•—that of changing the form of their crystals. It had been 
long known, that if urine wefe saturated with muriitd of 
’ soda, this salt was again obtained from it by spontaneous 
evaporation, not crystallized in its usual form of cubes, 
but in octaedrons : and Fourcroy and Vauquelin found, 
that by the same method muriate of ammonia crystallized, 
not in prisms, but in cubes. They further found, that . 
this singular effect depends on the action of the urde ; 
sinpe it equally happena’ when the salts are dissolved with 
pure crystallized urde in water, and their solutions cry-^^ 
stallized by spontaneous evaporation. The crystals al- 
ways retain too, a brown colour, and when freed from 
the ufde which thus itppcars to be combined in them,^by 
,;sSufRcient exposure to a red heat, they again crystallize 

from a solution in water, in their usual form. 

* 

The solution of urde in water, decompeilbs some of the 
metallic salts. Those of the nitrates of silver and quick- 
silver, it precipitates white: that of nitrate of Itad, tt 
throws /down of a yellowish brown, which may be redis«- 
solved, after some time, in a large quantity of watery and 
then appears, on evaporation, in brilliant sihrdry crystals. 

Tannin changes a little the colour of a sotutblr^f urde, 
ibut does not precipitate it ; a character by idfe^h this 

* , ^ i 

principle is well distinguished fif^‘'the albuDiinhu^ or ge- 
latinodl matter so fre^uently-fB^eted with it. ’ 
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This principle being so uniformly secreted in consider- 
able quantity, aud altogether disdiarged from the system, 
must necessatiiy be subservient to some important pur- 
pose ill the animal economy. Fourcroy. and Vaiqueliq, 
ill conducting their investigation of it, advanced the theory, 
that it is dco^ignod to convej the redundant nitrogen fiom 
the svstoni, as the secretion of the bile discliar > tl e 
superfluous hydrogen, and the changes in the liin‘;s, hj 
respiration, perform the same oflTicc with regnd to ci'- 
bon. There is a ch'grce of obsemity attending thl> 
theory, since the difliculty hitherto has been rather to 
account for the origen of the nitrogen in the system cd 
animals, than to provide for its discharge. Yet it is no 
doubt true, that this element being contained in so large 
a proportion in urdc, is proved be uniformly dischcig- 
ed in conSideraMc quantity ; and this pi rhaps adds some 
force to the hypothesis, that nitrogen, by the series of 
chemical actions connected with animalization, is actually 
fohned or evolved, and that in a system therefore liable 
to variations in its functions, we may look foi a functlt 
by which its accumulation will be prevented. Undrr 
this point of view, the above theory might be regarded 
probably just. 

'fhe tendency of this principle to pass to the state of 
ammonia, ia probably frequently the c luse of xnorb d 
changes to which the urine is liable f it may even be the 
cause, sometimes, of the formation of urinary conen tions , 
for if ihfc! excqss of acid in the urine be saturated by the 
production of this alkali, the albuminous or gcKitinoujj' 
matter which the acid b^in solution will be separated ; 
and if a partial depositlott 0f phosphate of lime <?t maj^ 
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or of uric acid, take place at the same time^ as may 
j^peti fiom tlic same cause, the nuclt^us of a calcu1u<i • 
may be forme k The cementing ingredieiit in man) of 
tlics<^alculi,J^i the gr( utcr number indeed, appears to be 
tins al[l5tfffrin()us matter, which ia separated from urine 
wherever its acidity is iicutr di. ed ; and it cannot but be 
.C(iiTSiihrcd as probable, but that the lorn ition of such cal- 
c<iU may depend on some operation of this kind. 

The predominance of ninugen in the composition of 
urn', a lo remarked by Fourcroy and Vauqufelin, explains 
vay well the gieat advantage derived from the intermlx- 
turt' of urine in the materials of nitre beds, in the pro- 
duction of nitre 5 tlie presence of the vegetable matter so 
far altering the alCnitiCB, as to prevent or diminish the 
formation of ammonia, and cause part at least of its ni- 
trogen to enter into combination with oxygen. And thd 
huge pioduct of ammonia, from the distillation of urine, 
a process carried on, even in the large way, in the manu- 
facture of muriate of ammonia, depends more, as they 
^have remarked, on the decomposition of the urcc, than 

on that of the ammoniacal salts which that fluid contains. 

% 

There still remains to be given, the chemical history of 
another substance always contained in urine, and nearly 
peculiar to it, the Uric Acid. 

The discovery of this acid we owe to Schede. In ana- 
lyzing urinary calculi, he found, that all those which he 
had submitted to experiment, consisted principally of a 
tubatince sparingly soluble in water, but whiehvtiy boil- 
ing a large quantity of water Upon it, might be dissolved, 
and aftorde J a solution which ipcddened tlu more delicate 
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.ir^^g^able colours, and from which, on cooling, the gr*; 

^ or pait again 8C|\,irated in minute crystals. This he^y^l 
gardcd as a pj|culiar acid : and he pdded the observation," 
that it IS contained in all urine, and frequently in, consi- 
derable quantity, so as to be deposited as the coulo 
Bergman had likewise, in analysing urinary calculi about 
the same time with Schccle, observed this acid* It, 
made the subject of experiment by Dr Pearson f : seve- 
ral of its properties were pointed out by Tourcroy and 
Vauquelm : and Dr Henry has added much to our know- 
ledge of these, and of its various combinations, and in a 
dissertation has given an excellent view of its chemicai 
history J, from which I take principally the following 
facts* 

From being considered as the basis of urinary calculus 

*> 

‘‘or stone of the bladder, it received the name of Lithic 
Acid ; a name certainly improper, not only from the sole- 
cism which, as Dr Pearson observed, it involves, but as this 
substance is not confined to these qc^ncretions, but is also 
contained in urine, while there are urinary concretions,^ 
in which no sensible quantity of it can be detected. Ilcncc 
the appellation Uric, whiefe he suggested, is preferable. 

There is a dilBcuIty in procuring this acid pure : for as 
deposited from the wine^ or as contained in urinary con- 
cretions, it is always in a state,’ either of combination or 
mixture ; and it is generally in these states that it hai 
been hitherto examined. The process given by Dr Hen- 


* Chemical Essays, p. 199. 
t P^dlosophical Tnwjtcrioas, 1798, p. 37* 
% Dissertatio Inaugtt||]% Edin. 1807* 
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to dissolve a calculus, of that kind which consists 
y of this acid, in a solution of purt^ pot issa. Muri- 
ate or>acetic acid is added to tins solution of it, whilt' 
nrecujxate ofj^ white colour is thrown down ; tliis j ro- 
'^ipitatc IS to be washed repeatedly with tepid distiiled wa- 
ter, and in order more completely to reniovo any foreign 
lew drops of wjter of ninmonia are aiKk J to the 
wMter v/if)i wdvich it is first washed *, .and if any minute 
portion (f albuminous matter has been precipitated witli 
iJ, which sometimes happens, it is separatctl by pouring 
s'uT the water in wliich the floccidi of tliis are suspended, 
wdiile the heavier uric acid is allowed to subside 

Uric acid obtained by this pTcccss, is in the form of a 
white powder, rough to the touch, but which yields easily 
to ihe pressure of the finger. It is altogether free of 
lasto. It dis.'iolvcs in 1150 limes its weight of water 
at 21°, or in 1*720 times at 60° f ; a degree of solubility 
much less than what Schcele had stated, owing to his ex- 
periment having been made on it merely as forming part 
^ a calculus ; iJi wdiich state, as Dr Pearson has remark- 
ed, it is much more soluble, nij doubt from its impurity. 
The solution in hot water on cooling, deposites pcUncid 
crystals, so small, that the form cannot be described. 
The infusion of litmus is reddened by this solution. Scap 
decomposed by it, not indeed by adding a solution of 
the acid to a solution of soap in water, fof from this ad- 
dition no turbid appearance is produced ; but by digesting 
the acid, in powder, with soap, and as much water as is 

* Henry, Dissertatio Inauguralis, p. 12. * 

t Ibid. p. 14. • ' 
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required to dissolve it, the oil is separated, and a 
like liquor is prieJuced It decomposes the alk^ilinei^lw. 
phurcis, precipitating the sulphur: and it combpes di- 
rectly with the alkalis, earths, and metallic oxidesj^thc al- 
lulinc* properties being neutralized in the combination.* 
"j’hese propernes, as Dr Henry has justly renmiLed, are 
suilidetit to class it among tlic acids. Dr Pearsoi?''iriK'>-. 
red from his expotiments, that it did not reddrn tlie vc,: - 
table coloiirsfnor decompose soap •, and (^bservli'g farther, 
that it is tastclens, scarcely soluble in cold w.Uer, rci c. - 
pabJe of uniting with the alkali of cat bun Ue of soda, j - 
tassa, or ammonia, nor with tlie iime of lime water, nc.r 
with oxide of moroury *, and tlsjt its combination wit)* 
caustic sed.a, resembles soap more than any compoinal 
salt know’ll to coiisistof an acid and alkali, infenvd, tlut it 
cannot be regauled as an acid, but is to be considered a> 
•an animal oxfde Some of tliese properties, however, 
are not strictly characteristic of acidity, and with regard 
to others, as that of not reddening the vegetable colours 
or decomposing so.ip, the observation appears to 
been inaccurate. 'Jlie acid powers, however, of this sub- 
stance, are undoubtedly weak. It has been long known, 
that it is incapable of disengaging the carbonic acid from 
the alkaline c.nbonatcs, nor is it dissolved by thorn ; it act.^ ^ 
with no energy on the metals, nor docs it precipitate any j 
of the earthy or metallic salts. 

#The combinations of uric acid with the alkalis and al- 
kaline earths are easily eft'ected, by digesting in hot \va- 


* Henry, Dissertalio Inaoguralis, p. 16. 
f Philosophical Tmsattions, 179§, p* 27. 
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base with a quantity af the acid, more than suffi- 
j|\t for its saturation, straining the soltltioji, and ovnpo- • 
ratingvt as f.ir as may be necessary with ,a gent!.* .t. 
Dr Iwnry has examined the general properties these 
urat^sT^RTlljiis obtained, in a state of purity, and gives 
the following cniimoratlon of tliem. 'J'liey are taste- 
ji'l, in external appearrmee, can seaieely !>e dis- 
{hsguish ‘d from the acid itself. Expoijed to the air, they 
undergo no change, neither losing nor attracting water. 

Ti cy are very sparingly soluble in watt r. Urate ol ain- 
n.onia, contrary to wdiat luu bccii ajrmn.v'\l, is tlie mo^t 
soluble, and, of it, an olucc of distilled water at GO clis- 
'ifjlves only 2 or 3 grains. The olfic ra, witli lepard lo so- 
lubility, stand in the f( llowi.ig oidcr : uraie of potapsa, 
of .soda, of lime, of strontiics, of magnesia, of argil, and, 
of barytes. If to the solution of any urate, any acid, tlie 
carbonic and prussic excepted, be addid, the uric acid is 
precipitated in the state of a white powvler. The alka- 
line urates arc also precipitated when tlie solution of any 
[.ihem ii; mixed wnth the solution of any of the earthy 
muriates, nitrates, or acetates. The solutions of the ii- 
rates cause precipitations in the solutions of the metallic 
baits, those of gpld excepted, the precipitate consisting of 
the metallic oxide in combination with fhe uric acid. TIjc 
urate of iron prepared in this way, is of a reddi.!: co- 
lour ; that of copper a yellowish green 5 all the others are 
pale. 

Though the neutral urates arc of sparing solubility, 
they are much more soluble with an excess of base ; 
hence, when boiled in solutions of these base.^ or in water 
with the additionof them, they are dissolved ir considerable 
Ss2 
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quantity. An ounce, for example, of solution of pot-< 
the specific gravity of which is 1108, dissolves mere t]|l 
f)0 grains of tl^ acid. The solutions of these sub^rates" 
are precipitated by all the acids ; if a weak acid\is em- 
ployed in tlje experiment, as the prussic or caffe^iicTor • 
if a snsall quantity only be added when a stronger acid is 
used, the precipitate consists of the neutral urate ;t; *^1 
the pure uric acid is never thrown down unices by a 
arid suddenly added. 

The following table is given by Dr Henry of ilic oui;r 
of affinities of tiric acid. 


Ukic Acid. 

Barytes. > 
Strontltcs. 
Potassa. 

Soda. 

Lime. 

Ammonia. 

Magnesia. 

ArgiK 

Metallic oxides. 


Uric acid is decomposed by the action of the more 
powerful mineral acids. Nitric acid presents with it a 
singular result, which serves even to form the character 
by which tins acid can be most easily distinguished. 
Scheele observed, that calculi composed of , it, dissolved 
in this acid, formed a liquor which stained the skin of a 
deep red colour j and this solution, if neutral, assumed by 
evaporation a blood red coloui^ which, however, disappear- 
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bcfbo adding a single drop of nih-ous acid. The same Fact 
VSis observed byBcTj^man in his expcrimlufyi he found the 
decp^iOUT assumed whenever the l-ipiorwaaev.i pov.itc :! so 
far as co contain little rntric acid, and when the ev ^i’sora- 
I'^cd to dryncts, tlic colour in a very dark red j 
it is coir.nuinicated from this dry rn.;s to water, but is 
both by the acids, und by »he alkalis Four- 
cr,»y iias ailirmcd, that this property does not belong to 
the pure acid, but depends on the presonce of animal 
in:iiter, probably aJitJe urce ; bat Dr IJenry found, that 
it is cxhibilc<l by the acid in its parest form. By re- 
p.’atedly distilling nitric acid from the uric acid, the lat- 
ter is entirely decomposed ; nitric o\!dc gas is disengag* 
ed, a portion of oxalic acid, according to Fourcroy, is 
formed. Dr Pearson, who has examined this operation 
minutely, ftntnd, that carbonic acid with nitrogen 
gas, were disengaged during the elniilltion, a strong smell 
of prussic acid arose, and the re?idual fiuid deposited 
crystals, wldich he found to be nitrate of ammonia j the 
^ijric acid, therefoic, as !:c has explained the rationale of 
the prciccss, had, by parting wdth oxygen to the carbon 
of :hc uric acid, formed carbonic aijid ; the carbon being 
tiius abstracted, its hydrogen and nitrogen had combined 
and formed ammoni.i, with which the redundant niiric 
acid had united f. 

Biilphuric acid hea^^cd strongly on uric acid likewise de- 
composes it : sulphurous acid is evolved, as Schcch; found, 
•nd there is a charred residuum. Muriatic acid has little. 


Scheeh*’b Chemical Iilssays,'p. ^00. 211. 
i Pliilosopbical Trawsactions, I798j p. ilfh 
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efi^t upon it ; but oxymUriatic acid gas acts on it 4^}a 
^ energy, and causlis its entire dt^composiiion. When 
uric acid is pU| into a bo^le with water, and a $tre^ of 
oxyinuriatic acid gas is transmitted through the water^ af- 
ter some hours, a pifrfect solution is obtaijicd^*'"'*^m add^ 
ing to a portion' of this a little lime, ammonia was disen- 
. gaged, and, by evaporation of the other portion, nuimU;^ 
o#1kmmonl.i was obtain^'d. In this, therefore, as in the 
decomposition by the nitric acid, the carbon of the uric 
acid had been abstracted by the oxygen of the decompos- 
ing acid, and its hydrogen and nitrogen had combined 
and formed ammonia. The decomposition, however, as 
described by Fourcroy, gives results more complicated j 
not only ammonia and carbonic » acid, but likewise malic 
and oxalic acids, being formed. , 

’^Uric acid is decomposed by heat : the products of the 
decomposition, as afforded by the acid existing in those 
ttirmary calculi ^^hIch are principally composed of it, have 
‘ %ebii often examined by chemists, particularly by Scheelc, 
Higgins, Austin, Pearson, and Fourcroy. They are wa,- 
. ter iu small quantity, carbonate of ammonia, carbonic acid 
and carburetted hydrogen gases, prussic acid, and a mat- 
ter which sublimes and condenses in a concrete form. The 
^ proportion of water is small i scarcely any sensible quan- 
ti'ty of oSl is formed ; proportion of prussic acid ap- 
pears, from Austin’s experiments, to be v^ry considera- 
ble *4sand there remains a conslderalSfe quantity of char- 
j ’.coah^Whkh, when burnt, affords little saline matter^ 
ITrom the^e products, as well as from those wdiich are af- 


: * Treatise do Stone in tihe Bladder, p. 101. 
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Jfdrc?ed ^by its ilecom position by the acids, uric acid may 
he inferred to be a compound of carboi|, hydrogen, nitro* 
*gen,xand oxygen. The proportions of these have not 
been at all determined. 

The*i-eCu!iar sublimed matter ob^ined in this decom« 
position h..s always attracted the attention of chemists, 
it was first observed by Seheele. He found, that 
first brownish, it became while by a new 
limation : it had no smell, but a sourish taste, and was 
easily soluble in boiling water; it wmg also soluble, though 
more sparingly, in alkohol : lis solution d'd not precipi- 
tate lime-water. From these properties, he observed, it 
seemed to agree in some respects with succinic acid j while, 
at the same time, he appears to have supposed, tliat it en- 
tered into the composition of the calculus ; uri?Kiry calcu- 
lus, he says, « being neither calcareous nor gypseous, b|lt 
consisting of an oily, dry, volatile acid, united with some 
gelatinous matter Hence, some chemists regarded, 
this sublimate as rhg, pure lithic acid. It is obviously dif- 
ferent from the uric acid which exists in calculi, and 

•.IC, 

whicTTTS obtained from them by solution in an alkali and 
precipitation by^n acid ; pafticularly in its sour taste, its 
mucli greater solubility in water, and its being capable 
of being volatilized by a moderate heat without. decom^, 
position. Neither is it acteS on in the same rpanner by 
»cid$, and, in ^^rticular, it docs not give a red colour 
v/ith nitric acid. 

Experiments were made on this substance hy 35r Aus- 

* 

tin. He found, that it was decomposed by he^t^ aiFording 


^ ChemicaJi Essays, p. 
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ammonia, prussic acid, and nitrogen gas : a portion alio^ 
sublimed, which, ^ when again submitted to .the same 
periment, gave the same products, and this afq)arently 
tvitliout limitation, until its decomposition was complete. 
Acted on by nitric carbonic acid and nifh)g« gases 

^^ere disengageebj and the residual matter, urged with a 
strdng fire, still, gave ammonia and prussic acid ^ 

^^me years afterwards, it was examined by Dr Pear- 
son. He found, that itiredden^d the infusipn of litmus, 
though its taste^ instead of beihg.sour, ivasonly sharp and 
bitter : ten grains of it being dissolved in four ounces of 
boili^ water, this solution, by evaporation to half an 
.ounce, gave a copious deposUe of white spicula it was 
not soluble by boiling cither in muriatic or nitric acid, and 

with, the latter, it left red^coloured matter, on llie acid 

• 

bipg evaporated from it. Sulphuric acid dissolved it, 
with tlw^assistance of heat, and afforded a solution from 
which nothi^ was precipitated by pure soda. Obtained 
%Qm another urinary concretion, it d^^olved in muriatic 
acid, and remained^ aft^r evaporation of the acid, in the 
same state as before. It was also dissolved, by uuiiihg, 
solution of carbonate of^^dda, as well as by pure so- 
da. Under the flame of the blowpipe, this sublimed mat- 
,ter melted^aiwi then, evaporated without any smell, leav- 
ing a sli^Kt black marifcvf i ^SProm the properties of this 
substance, Dr Pearson bbserves, that it appears , to be ana- 
logous to benzoic acid ; but the analc^^is evidently very 
■ inpperfectX , 

— — ' — — — — — ■* 

* Treatise on the Imde in the Bladder, p. 115. 

.f Philoaopl^oii 1796, jp. 3#. 
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• Lastly I some observations liave been made with regard 
to it by Dr Henry, which throw some ij^ht on its nature* ^ 
He found it to be of a yellow Colour : it impressed on 
the tongue a bitter taste, with a sense of coolness, but with- . 
out any. acrimony. Its odour is «tepyreumatic : it b , 
quickly dissolved by water at any tenipefature, and abo, 
though more, sparingly, by alkohol. It unites easily with , 
tlie pure alkalis, and from these sdiutions it is not prilSb^ 
pitated by acids. It is volatile, and by repeated sublima- 
tion becomes rather whiter. Its watery solution reddens 
infusion of litmus ; but its acid power is so w^'eak, that a 
drop or two of ammonia presents this ; nor does it efFer- 
vescc with the alkaline carbonates. Its watery solution^ 
bjr evaporation, affords crystals, the form of which can 
scarcely be defined, from a portion of oily matter adher- 
ing to them, from which they can scarcely be freed. 
crystals, exposed to the air, suffer no change. Pure pot- 
assa being added to them, vapours of ammonia exhale. 
Heated with nitric s^id, tliey give no red-coloured matter* 
Their solution does not cause any precipitation from the 
earthf^flts, as the solutions of the urates do ; neither 
does it decompose the salts dr copper,, iron, gold, plarinsi, 
or tin : from the nitrates of silver and of quicksilver, and 
from the acetate of lead, it throws down udiite prccipi- f 
tates, which are again dissolved by nitric acid. 'Kbese ex- 
periments prove, as Dr Henry has observed, that the 
acid existing in thw sublimate is neither uric, sn^dnlc, 
nor benzoic acid ; and it appears to be different frpm any ' 
known acid It is contakijed in the sublimed' matter 


^ Dissertatio Icauguralis, p« 
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combined witK^Rrl'imonia : from the products of its decom-" 
position, it appeals to be composed of the same elements 
as uric acid^ and it is probably formed from new 
binfations of these elements in the process by which it is 
obtained. 

From the preceding history of urine, it appears, that itz 
cSiflU^osition is very complicated, that it contains a num- 
ber of ingredients, and that these are often diversified. In 
the summary of its analysis by Fourcroy and Vauquelin, 
eleven substances are enumerated as constantly present in 
it, though variable in their pipportions, — muriate of soda, 
muriate of potassa, and muriate of ammonia ; super-phos- 
phate of lime, phosphate of magnesia, phosphate of soda, 
^nd phosphate of ammonia; uric acid and benzoic acid ; 
ii^§elatinous or albuminous matter ; and, lastly, uree. 
Other principles that have been announced as existing in 
it are problematical, except in so far as they are the re- 
sults of morbid secretion, or of the decomposition to 
which the urine is spontaneously liable. By this decorn^ 
position, it has been already ^ted, various new products 
are formed; acetic and carbonic acids are in particular 
produced, and the proportion of ammonia is much aug- 
mented’; and by these the existing combinations in the 
urine artf^^considerably shodified : Instead of free uric and 
benzoic acids, it contains urate and benzoate of ammonia ; 
the excess of phosphoric acid fe saturated ; and triple 
compounds of phosphoric acid, ammonia, and magnesia, 
^fid phosphoric acid, amymonia, and soda, are establlslied ; 
and acetate and carbonatd of anunonia arc formed. 

There can be no doubt| toO) but that the composition 



i!if this fluid is singularly diversified by|morbId states o£ 
the system. This, though long a subject of attention to 
phy'sMans, has, however, been so rather empirically ; and 
hence our knowlcvlj^e with regard to it is little advatijC^d* 
Tiio researches a few years ago of RcflJo and Cruicksshanfc 
threw considerable light on it ; and several facts have been 
added by other pliysiulogists. In the disease named Dia- 
hues, 'Mccliarine matter is secreted by the kidneys, a^nd 
often in very large quantity i and from the experinients of 
Cri:!<.kbhank, it appears, that it is possessed of all the pro- 
peules of vegetable sugar, while the proportions both of 
tlic saline ingredients and of .the uree are much diminish- 
ed. In dropsy, albumen is often contained in it in such a 
quantity, that it bears a resemblance to the serum of the 
blood, and is coagulated both by acids and by heat. In ihe 
dropsy, hoNvever, from diseased liver, it does not coagt^, 
late, but deposites a considerable quantity of a pink- 
coloured sediment, which Cruickshank found, on examin- 
ation, to consist of phosphate of lime, some animal mat- 
ter, to which its red colour was probably owing, and a 
little uruTacid. In fever, particularly at the crisis or abate- 
ment of the disease, a latcritious sediment is deposited in 
general very copiously, and the nitrous acid, when added 
bcTorc the deposition takes place, gives a deep red tinge. 
In gout, the termination of the paroxysm is indkateJ by 
a copious deposition of a similar sediment. This sediment, 
adds Mr Cruickshank, from whom these facts are taken, 
we have generally found to be composed of lithic acid, 
phosphate of lime, and some peculiar animal matter, but 
little soluble in water ; and of these, tho acid generally 
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constitutes by fail the smallest part In those spasmo-J 
die affections that attend some nervous diseases, the urine 

generally transparent^ abounding in saline^ and having 
scaircely any extractive matter $ and similar appearances 
have been observed to precede delirium in fever. This 
state is discovered, by the infusion of oak bark giving 
scarcely any precipitate with the urine, while acetate of 
lead produces a very copious on^. At the comme'iiccment 
of the paroxysm of gout, the urine, according to Ijcrtliol- 
let, has a less proportion of acid than usual, while, towards 
its termination, it is even increased. In rickets, accordin*^ 
to Bonhomme, the urine is loaded with a large proportion 
of phosphate of lime, derived, probably, by absorption 
from the bones. In other diseases, the urine exhibits other 
appi^arances : sometimes it is viscid, sometimes white and 
nrilfey ; sometimes, again, of a dark colour, and extreme- 
ly foetid. These, and other states in which it occurs, have 
not hitherto been accurately chemically examined, though 
undoubtedly, in a medical point of view, they must afford 
important results. 

It appears, too, that in different animaU the url^u^ varies 
^nsiderably. ^ In that of gramnivorous animals, the uric 
acid is altogether wanting, while the benzoic is generally 

— 

f 

* Prooft has affirmed, ^.that this sediment consists chiefly of 
a peculiar add, which, from its colour, lie lias named Rosacic 
Acid, apd which, he adds, is distinguished from uric acid, by 
its greater solubility in hot water, by its not crystalli/ing so 
easily, and by giving a violet precipitate with muriate of gold 
.^We have no farther in formation Vith regard to it, and it there- 
fore requires more mvestigsition. 

r Annalcs dc Chimie, tamu a:xxvi. p. 25S/ 
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present in large proportion. Rouelle tmd examined that 
of the horse •, he found it to afford no phosphorus : it , 
conjoined sulphate and muriate of potassa in considerable 
quantity, carbonate and sulphate of lime, with the pecu- 
liar saponaceous extract, or urtc, and a matter which ren- 
dered it viscid : and these results have been, in general, 
confirmed by ihe recent analysis of it, by Fourcroy and 
Vauqucliri * ; its ingredients, as determined by this ana- 
lysis, being carbonates of lime and soda, muriates of po- 
tassa and soda, benzoate of soda, and uree. That of the 
cow, according to Rouclle’s analysis of it, gives results 
nearly the same, all its salts having a base of potassa. 
That of the camel he found to contain carbonate, sulphate, 
and muriate of potassa, with urde. 


The Concretions which sometimes form In the kidneys 
or bladder, being derived Irom the urine, fall properly to 
be considered under its chemical history. The investi- 
gati^oT their nature and properties, is of much import- 
ance, at least in a medical point of view, as they give rise 
to ohe of the most painful diseases to which man is suh* 
ject, and it is only by chemical researches that we caa 
hope to discover the causes of their productiem, and of 
course the means by which this may be counteracted, or 
even by which, when they have been formed, they may 
be dissolved. We have now, therefore, to deliver the 
chemical history of UrinaWy Calculi. 


f Memoircs de I’lnstil;. National* to^« ii. p. 431* 
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Though thescj concretions had long been attended tc 
, by the chemists, nothing in reality was known with re- 
gard to them, previous to the discovery of the uric^cicl 
by Schcele. From tliis discovery, it appeared to form^thc 
basis. of these concretions, from that time the know- 
ledge of this fact regulated all the investigations on this 
subject. Bergman confirmed the discovery of Schcele. 
Experiments continued to be repeated and diversified on 
these concretions, and on their solvents : it was discover- 
ed, that there existed others besides those composed (d 
uric acid ; and within these few years, our knowledge o! 
them has been much extended, by the researches of Pear- 
son, Wollaston, and Fourcroy and Vauquclin. Dr Wol- 
laston, in particular, determined the composition of other 
three species of these concretions, besides that composjd 
pthicipally of the uric acid \ and in the analysis by which 
these important distinctions were established, discovered 
the existence of various principles in urinary calculi, 
which it had not been before known that they contained 
And Fourcroy and Vauqueliii, by an extensive scries of 
periments, established similar resultsf , and have described, 
with considerable minuteness, the diversified appearances 
these concretions present, either from chemical composition 
Or mechanical structure. Hie result of all these researches 

* Philosophical Transactions, lY97. 

f ClVicmoires de I’Institiit. National, tom.ii. p. 112. 

Annales du Museum National, tom. i. p. 93. 

It is but justice to remark, ^haf Dr Wollaston’s disserta- 
'tion was published in the PhiMbphical Transactions two years. 
befoneVthe memoir of Fourcroy and Vauquclin was read before 
the I^Qcb Natiqaial Institute ; and although the experiments 
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is, that the following substances enter i^ore or less ^un# 
dantly into the composition of urinary calculi : uric acid, 
uraJe of ammonia, phosphate of lime, phosphate of ani- 
mqjhia and magnesia, oxalate of lime, silex, and animal al- 
bumen, these principles being more or less common, and 
in greater or less proportion, giving rise to numerous va- 
lietics. Hence there is considerable difficulty in adopting 
an arrangement with regard to them, and this requires 
tome observations, before proceeding to their individual 
history. 

The calculi which are by far the most common, are 
those composed princip;dly of uric acid. They are gene- 
rally of a brown or yellowish colour, smooth on the sur- 
face, and with a texture compact or radiated 5 they are 
perfectly soluble in alkaline solutions, and give a red cOr 
lour when treated with nitric acid. 

A calculus had been observed, different in Its proper- 
ties from the former, particularly in fusing by the heat of 
the blow'-pipe, into an opaque white glass, instead of be- 
.ing decomposed. This Dr Wollaston found to be com- 
post principally of phosphate of magnesia and ammo- 

•j 

nia. p 

Another had been distinguished by surgeons by the 
name of the Mulberry Calculus, from its dark colour and 
irregularly knotted surface, bearing some resemblance to 
that fruit; and it had also been observed, that this was 

of Pearson, published in the Philosophical Transactions the 
year after Wollaston’s, are referred to in that memoir, no no- 
tice is taken of those of the latter chemist; yet they anticipate , 
nearly ev^ry thing which the French chemists have aa^unced 
as their own discoveries. « c 
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iittlc 'affected b| an alkaline solution. Dr Wollaston 
, {bund it to be composed of oxalate and phosphate of 
lime. 

lie lastly discovered one consisting entirely of phos- 
phate of lime, of a pale brown colour, so smooth as to 
appear polished, and in its texture very regularly lamina- 
ted or composed of concentric crusts, and soluble, though 
sloutly, in nitric or murialic acid. 

These form four species, under which Dr Wollasloii 
has arranged urinary calculi : 1st, The uric acid coTicrc- 
tion : 2d, The fusible calculus or j cf animonia 

and magnesia: 3d, The mulberry calculus, or oxalate and 
phosphate of lime ; and, 4jth, What he named the Bone 
Earth Calculus, as composed of phosphate of lime, which 
forms the basis of bone. . • 

The arrangement of urinary concretions by Fourcroy 
and Vauquelin, is much more minute and complicated. 
They observe, tliat in all of them there exists a quantity 
of animal matter which appears to connect their particles ^ 
but, independent of this, which is common to the whole, 
they may be arranged under three classes ; the first con- 
sisting of calculi formed of a single substance ; the se- 
cond composed of two substances ; and the third contain- 
ing more than two substances, frequently even four. 
Under these three classes might be placed, it is evident, 
numerous combinations ; but, confining themselves to 
those which they had actually observed, they have form- 
ed twelve species ; three belonging to the first division, 

, seven to the second, and two to the third, 

U, Th^ following Table presents a view of this arrangc- 

^ menti " ' • ' 



URINARY CALCULI. 


657 




It is stifficiently evident, that this arrangement is not 
strictly chemical, since a number of the species are found- 
ed, not on differences in composition, but on differences* 
‘n mechanical structure. And if the classification of cal- 
culi were to be established on this principle, there is eve-“ 
Tt 


Genus I. Composed of one f CalculMS^f uric acid. 
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rjr probability tljat the species would be much more nu- 
merous than those Fourcroy and Vauquelin have esta- 
blished i for varieties in structure, or in the layers of 
which the concretion consists, must arise from very s}ight 
causes, and may be almost indefinitely diversified. Hence, ' 
even under a practical point of view, the utility of mi- 
nute distinctions from this source must be doubtful. 

The classification of Wollaston is more precise, but, 
perhaps, it is rather too simple : And, indeed, he did not 
give it as a systematic^ arrangement of calculi, but mere- 
ly pointed out-tliose which he had examined, and found 
different from the common uric calculus. Yet, the four 
species which he has enumerated, are sufficiently well de- 
fined. If any addition can be made to them, in the pre- 
sent state of our knowledge, it is that of the urate of am- 
monia, described by the French chemists, and which, as ot 
determinate composition, must be regarded as a species. 
Under these may be placed those calculi in which these 
ingredients arc intimately combined, classing them ac- 
cording to the predominating ingredient. And, after these, 
may be placed the mechanical aggregates of these species, 
at least those of them which, from their frequent occur- 
rence, Aeem to'^emand some notice* 

Species 1. Unc Acid Calculus. This is by far the most 
common of the urinary concretions. All that Scheele 
had examined appear to have been of this kind. Dr 
Pearson has remarked, that of 200 specimens which he 
had analysed, not more that six did not contain uric acid, 
though he found its proportion very various. And Four- 
croy and Vauquelin found among 600 calculi, more than 
150 composed of pure uric acid. Calculi of this kind are 
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usually in fine and close layers, fibrous oi radiated, smooth 
on the surface, though sometimes a little rough, of a yel- • 
lowish or brown colour, similar to that of wood, of various 
shades ; their form is spheroidal, compressed, or elongat* 
ed ; their size very various. • They are rather brittle, and 
have a specific gravity, varying from 1.276 to 1.786, but 
usually above 1.500. They blacken withouf melting on 
burning fuel ; exhale an odour similar to that of bone 
burning, and give, by distillation, ammonia and prussic 
acid. They are insoluble in cold water, but when in 
powder, and the water is at the temperature of 212®, a 
perfect solution is obtained, and small crystals are depo- 
sited on cooling. They are soluble in the cold in a solu- 
tion of pure potassa or soda, and from the solution a pre- 
cipitate of a fine white powder is thrown down by the 
acids. Lime-water likewise dissolves them, but more spar- 
ingly. In solutions of the alkaline carbonates, they re- 
main, according to Scheele, unchanged : according to the 
experiments of Dr Egan, however, they are dissolved even 
by weak solutions, and also when the alkali is super-sat- 
urated by carbonic acid *. The weaker acids have no 
effect on them. Even the muriatic does not dissolve 
them. Nitric acid, however, assisted by heat, acts upon 
them, and, as has been already remarked, produces the 
deep red colour which is so characteristic of uric acid. 
In many of them the uric acid appears to be nearly purer 
thus Scheele, in tHose he examined, could not discover a' 
trace of lime ; in others, however, there is an intermiY- 


* Transactions of the Irish Academy ; or Philosophical 
Magame, vol. xxiii. and xxiv. • 

T t 2 
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ture of other ii}gredientSy particularly of phosphate of 
limCy and phosphate of magnesia and ammonia. 

Species Calculus of Urate of Ammonia. This is 
acknowledged by Fourcroy and Vauquelin to be on^ of 
the rarest of the urinary epneretions, yet they found it 
sometimes to occurs and as it Is of determinate composi- 
tion, it is necessary to admit it as a species. The calcu- 
lus formed of it has some resemblance in structure to the 
preceding, or consists of layers less sensibly striated, how- 
ever, than those of the pure uric acid : its colour is also 
lighter, and often inclining to grey, or greyish white. 
Their form is the same, their surface smooth, sometimes 
brilliant and crystalline, and sometimes the external layer 
is pure uric acid ; they have almost always, too, a nucleus 
of matter different from the body of the calculus. Their 
specific gravity is from 1.225 to 1.720. With regard to 
chemical characters, they are well distinguished by their 
solubility in alkaline solutions, and their giving out, while 
they dissolve, a strong ammoniacal odour, two characters 
which are not found together in any other species. They 
are also soluble alone in hot water, and are rendered still 
more soluble by an excess^ of ammonia* All the acids 
abstract their base, and reduce them to the state of uric 
acid. Heated by the blow-pipe, they immediately exhale 
ammonia, and then present the same appearances as the 
preceding species. 

Species 3. Calculus of Phosphate of Magnesia and Am- 
monia. This is the fusible calculus of Wollaston. It 
is to be remarked, however, that it scarcely ever forms a 
calculus alone: it is either, if pure, discharged in the form 
of a white sand, which consists of very minute crystals. 



URIHARY CALCULI. 


S61 


or, when it composes a concretion, it is either intermixed 
with other ingredients, particularly with uric acid and . 
pliosphate of lime, or it forms layers more or less fine, 
whjch alternate with layers of these, or cover a nucleus 
of uric acid. It is well distUiguished when in these lay.* 
ers, or when it is predominant in a mixed calculus, by its 
lamellated spathose structure, its white colour, and the 
closeness and fineness of its texture ; it is soft and smooth 
to the touch, is easily sawed through, and gives a fin^ 
light powder of a brilliant whiteness. It has a taste mild 
and sweetish, without feeling dry like phosphate of lime. 
With regard to chemical characters, it is distinguished 
by melting before the flame of the blow-pipe into a white 
enamel ; placed on burning fuel, it blackens and. exhales 
an empyreumatic ammoniacal odour, and melts when the 
heat is raised. It dissolves in water sparingly, still, how- 
ever, so far, that when the water is boiled on ir and eva- 
porated, it deposites minute crystals on cooling. It dis- 
solves easily in the acids, even those that are weak ; and 
when a calculus composed of it is immersed in dilute 
muriatic acid, or water impregnated with carbonic acid, 
the phosphate of lime and magnesia is dissolved ; and there 
remains a membranous matter in light flakes, consisting of 
the albumen mixed with it. The fitted alkalis disengage 
its ammonia, /:ofnbine with its acid, and separate the mag- 
nesia. Ammonia has little effect on it. By subjecting 
calculi, into the composition of which it enters, to the 
successive action of these re-agents, they may be ana- 
lysed. Thus, according to Dr Wollaston’s method, the 
ifliosph.ite of lime and ammonia is dissolved by distilled 
vinegar in the cold, with scarcely any phosphate of lime. 

T t 3 ' 
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Muriatic acid poyired on the residuum dissolves the phos- 
phate of lime. And, lastly} a fixed alkaline solution takes 
up the uric acid. 

Species 4. Calculus of Phosphate of Lime. From the 
observations of Dr Wollasipn. it appears, that this sub- 
stance sometimes composes the entire calculus, though 
more generally it is usually mixed with other ingredients, 
particularly with uric acid, and with phosphate of mag- 
nesia and ammonia. In the first case, the calculus is 
described as being of a pale brown colour, and so smooth 
as to appear polished ; when sawed through, it is found 
very regularly laminated, and the laminse, in general, ad- 
here so slightly to each other, as to separate with ease 
into concentric crusts. It dissolves entirely, though slow- 
ly, in muriatic or nitric acid. Exposed to the flame of 
the blow-pipe, it is first slightly charred, but soon be- 
comes perfectly white, retaining its form, until urged 
with the utmost heat from a common blow-pipe, when it 
may be completely fused. It appears to be more fusible 
than the phosphate of lime, which forms the basis of bone, 
which Dr Wollaston supposes owing to the latter con- 
taining a larger proportion of lime**^. The calculi of 
which phosphate of lime is thc^ basis, but in which there 
are also other ingredients, particplarly phosphate of mag^ 
nesia and ammonia, and uric acid, are more numerous, and 
are diversified in the appearances they present. According 
to the ob^rvations of Fourcroy and Vauquelin, it appears 
jn these either under the form of layers, friable, or having 
Jittle hardness, breaking into scales under the saw, of a 


* Philosophical Traasactipns, 1797, p. ^95. 
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greyish white colour, dull, and without any lamellated 
or spathose crystalline form, or, instead of layers, it pre« 
sehts incoherent grains, friable, and with little induration ; 
and, by this dry and earthy appearance, and the dulness 
of its colour, it is distinguished from the phosphate of 
magnesia and ammonia. Calculi of either kind are char.- 
red by being heated, from the animal matter they contain; 
calcined to whiteness they do not afford lime. They 
are dissolved by the acids even when much diluted, and 
the phosphate of lime is again precipitated by the alkalis ; 
they are not affected by alkaline solutions. From their 
state of intermixture, however, they are liable to varia- 
tions both in their physical properties and chemical cha- 
racters, Their colour is often shaded or veined ; their 
texture is even not uniform, crystalline grains of the 
phosphate of magnesia and ammonia being intermixed 
through it ; when the two phosphates merely are inter- 
mixed, the colour is pure white, and their cohesion gene- 
rally inconsiderable ; when the uric acid is present the co.^ 
lour is darker, and they have more hardness. And, ia 
all these, the different ingredients can only be recognised* 
with certainty by analysis. * ^ 

Species 5. Calculus of Oxalate of Lime. This species 
forms what has been iong known by the name of the 
Mulberry Calculus, from its colour and its rough point- 
ed surface : the composition of it was .discovered by 
Wollaston. It is usually of a dark brown colour exter- 
nally, frequently grey within: its surface is usually uneven,- 
presenting tubercles more or less prominent, frequently 
funded, sometimes pointed, and either rough or polish- 
ed J it is very hard, difficult to saw, and appears to consist 

T t 
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of successive unequal layers : it is also the heaviest of the 
urinary concretions. With regard to chemical characters, 
it is less affected by the application of the usual re-agehts 
than any other calculus. The pure alkaline solutions have 
no e^ect upon it, and the^ acids dissolve it with great 
difficulty. When it is reduced, however, to fine powder, 
both muriatic and nitric acid dissolve it slowly. The so- 
lutions of the alkaline carbonates decompose it, as Four- 
croy and Vauquelin have observed ; and this affords us 
the easiest method of analysing it : the calculus in pow- 
der being digested in the solution, carbonate of lime is 
soon formed, which remains insoluble, and is easily dis- 
tinguished by the effervescence produced by the addition of 
weak acetic acid, while there is obtained in solution the 
compound of oxalic acid with the alkali of the alkaline 
carbonate : from this the oxalic acid may be precipitated 
by acetate of lead or of barytes ; and this oxalate thus 
formed may be afterwards decomposed by sulphuric acid. 
Another method of analysing this calculus is by exposure 
to heat : its acid is decomposed, and by raising the heat 
* sufficiently, pure lime is obtained, amounting to about a 
tl^rd of the weight of thd calculus. This species, it is 
remarked by Fourcroy and Vauquelin, contains more ani- 
mal matter than any other, from which its colour appears 
to be derived, and which gives to it also its hardness and 
dense aggregation : this animal matter appeared to them 
to be a mixture of albumen and uree^ 

Fourcroy and Vauquelin found in two calculi of the 
six hundre4 which they analysed, siliceous earth : it was 
mixed with uric acid and urate of ammonia, in the nK^- 
•^Icus and internal layers. 



idklNAHT CALC^l* 


665 


There is also present in all these, calcull» as has 
been already remarked, a portion of animal matter, 
which has perhaps been hitherto too little attended to : 
it is it, according to Fourcroy and Vauquelin, which* is 
the source of the colour, induration, and texture of a 
number of these concretions ; and it appears to have an 
important share in their formation : it is found even 
in those ‘which appear most white and crystalline, and in 
others is contained in much larger quantity : it often re- 
mains in flocculi when the other ingredients have been 
dissolved by re-agents : these chemists have supposed it 
to be analogous to albumen or gelatin, with the exception 
of that in the mulberry calculus, which appears to ap- 
proach to uree* ^ 

Such are the ingredients in urinary calculi, and the spe* 
cies under which they may be arranged. It is only far- 
ther to be remarked, that they are still more diversified 
by mechanical intermixture, layers of these ingredients al- 
ternating, and forming a concretion. As .such intermix- 
tures must be in a great measure accidental, they can 
scarcely be arranged with any precision. Those which 
have been most frequently ol>served, and which are par- 
ticularly pointed out by Fourcroy and Vauquelin, are, 
1st, The mixture of uric acid and of earthy phosphates i 
the former generally forming the nucleus, and the phos- 
phate of lime and phosphate of magnesia and ammonia 
being either intermixed or in alternate layers; 2dly, Those 
of urate of ammonia and earthy phosphates, the nucleus 
of this being commonly the urate of ammonia, and the 
layers being the phosphate of lime and phosphate of mag- 
nesia ^nd ammonia mixed with it, and, at the same time. 
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som^rimes alternating with fine layers of it| or even of 
uric acid ; Sdly, That u£ oxalate of lime and of uric acid^ 
the first generally occupying the centre ; 4thiyi That of 
oxalate of lime ai.d e,irthy phosphates ^ the first forming 
the nuicleus, th^ second enveloping it in different layers ; 
and, lastly, The alternation uf uric acid alone or mixed 
with urate of ammonia, with oxalate of lime a<:id earthy 
phosphates ; the centre or nucleus being oxalate of lime, 
the intermediate layers uric acid or urate of ammonia, and 
the exterior, earthy phosphates more or less intermixed 
with each other and with uric acid. A farther examina- 
tion will no doubt give many more varieties of these me- 
chanical mixtures ; since, when a concretion is once form- 
ed, it appears to serve as a nucleus to other formations, 
wluch must be liable to be modified and interrupted ac- 
cording to the diet, the state of the system, and of the 
secreting organ. 

Fourcroy and Vauquelin have given a very good sum- 
mary of the chemical phenomena presented by re>agents 
on the usual ingredients of urinary calculi, and by which 
these may be recognised, and the composition of the con- 
cretion inferred. In applying a pure alkaline solution, 
the re-agent by which the ^analysis is generally first at- 
tempted, five appearances present themselves, from which 
such indications may be drawn. 1st, The alkali may dis- 
solve the calculus entirely, and without causing any evo- 
lution of ammonia i in which case it may be inferred, that 
it has consisted of pure uric acid ; 2dly, The solution 
may be equally complete as in the first case, but accom- 
panied with a strong ammoniacal odour : the calculus hAS 
then consisted of urate of ammonia, without any^earthy 
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phosphate ; Sdly, The alkali may di«>solve only a part of 
the calculus in powder, without causing any exhalation 
of "ammoniacal odour; and in this case, which is rare, 
there is indicated a mixture of unc acid and phosphate of 
lime, which the solution separates ; 4di!y, The alkaline 
Icy, in efFecting a simdar partial solution, may at the same 
time disehgage ammonia ; and in this case, much more 
common, there are indicated the presence of uric acid 
which has been dissolved, and of phosphate of magnesia 
and ammonia which has been dec imposed ; hence the 
undissolved portion must contain the magnesia, which 
may be discovered by weak acetic acid, and the addition 
of potassa to the solution it effects ; while the alkaline ley 
contains the phosphoric acid, which may be precipitated 
by lime-water, and the uric acid, which may be thrown 
down in a crystalline formhy muriatic acid ; 5thiy, There 
is presented sometimes, in the treatment of the calculus 
by the alkaline ley, another appearance, — that of an evo- 
lution of ammonia, while no uric acid can be precipitated 
from the solution by the addition of the other acids ; in* 
dicating of course the presence only of phosphate of mag- 
nesia and ammonia, mixed generally with more or less 
phosphate of lime. The oxakte of lime is not at all dis- 
solved by the alkaline solution, but by the alkaline carbon- 
ateg producing at the same time carbonate of lime, by 
which it may be recognised, as well as by furnishing 
lime, when the calculus has been urged with a strong heat*^. 

The investigation of the composition of urinary con- 
cretions leads to the interesting question, how far their 
^ 

* Mf moires de I’Instit. National, tom. iv. p. 125. 130. 137. 
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solution in the bladder may be practicable^ and by what 
agents thisi if it can be accomplished, will be best per- 
formed. It is sufficiently evident, that being of very dif- 
ferent chemical composition, the same solvent cannot be 
applicable to all of them ; ^et still there may be a possi- 
bility of solvents being introduced adapted to each. 

Long experience has sufficiently established^he advan- 
tage derived in calculous affection^ from the use of alka- 
line remedies ; and as the calculi composed of uric acid 
are those which are by fir the most abundant, it is no 
doubt, from the chemical action they exert upon it, that the 
benefit is derived. Where the pure alkali is used, a real 
solvent power may be exerted ; and it has been proved, 
that the alkali is secreted by the kidneys, so as to render 
the urine sensibly alkaline, and even capable of acting on 
the calculus out of the body. Yet the solvent power is 
very inconsiderable, and the remedy, at the same time, 
proves so irritating, when taken to any considerable extent, 
that the solution of a calculus even of small size can per- 
haps be scarcely expected. The pain and irritation which 
attend the disease, however, are considerably alleviated by 
their habitual use, and this^even when the alkali is satur- 
ated or super-saturated wiA carbonic acid,— a circum- 
stance with regard to which thero appears some difficulty 
in giving an explanation, since the alkalis in this s(^te 
have been supposed not to act on uric acid. From 
the experiments of Dr Egan, already stated, this, how- 
ever, appears to be a mistake ; though the relief obtain- 
ed from the use of these may also be in part derived 
from the saturation of the phosphoric acid which is like"- 
wise secreted *, the urine is thus rendered less irritating. 
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and the tendency to a deposition of uric ^cld diminishedf 
all acids hastening the precipitation of this acid from urine. 
Lime, under the form of lime-water, has also been em- 
ploy.ed as a solvent ; but its use has seldom been general, 
either from the prejudice th.v it itself entered into the 
composition of these concretions, and would therefore ra- 
ther favou^their formation ; or from the supposition, that, 
on account of its sparing solubility, so little of it could be 
introduced into the system, that it would have no great 
power. The experiments of Dr Egan, however, have 
shown, that lime-water acts with more energy than an al- 
kaline solution of similar strength, in destroying the ag- 
gregation of a urinary concretion j and I observed this ef- 
fect strikingly displayed in a comparative trial which these 
experiments led me to make. In a dilute solution of pure 
potassa, a calculus of the uric acid kind was in part dis- 
solved, the liquor, after a short time, giving a copious 
white precipitate with muriatic acid but the remaining 
calculus preserved its aggregation, apparently without 
much alteration, the external layer having been merely 
removed ; while a calculus of a similar kind, and dischar- 
ged from the same person, immersed in lime-water, be- 
came in a few days white aiTd spongy : it appeared at 
length to be entirely penetrated : its cohesion was subvert- 
^ : it presented a kind of loose scaly appearance, and 
^ the least touch made it fall down. The lime probably 
operates more upon the albumen or animal matter, which 
appears to serve as the cement or connecting substance, 
than upon the uric acid ; and in endeavouring to discover 
vents for these concretions, our views ought perhaps 
^^ather to be directed to this* operation than to the effect 
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on the saline matter. If lime, when receired into the 
stomach under the form of lime-water, can be secreted 
by the kidneys, as the alkalis unquestionably are, it would 
appear, from these observations, to be superior to them as 
a solvent. And Dr Egan likewise found it to be effectual 
in preventing the deposition of uric acid from uriije. 

Those calculi whicharecomposedofoxalateof^ime, phos- 
phate of lime, or phosphate of magnesia and ammonia, not 
being soluble in alkalis, it has been supposed that the use of 
alkaline remedies can be attended with advantage only where 
the calculus consists principally of uric acid, and that the 
solution of the others, were it attempted, must be by the 
action of weak acids. If the view now given, however, 
be just, the use of the alkalis, or of lime-water, may be 
useful, even in these cases, by acting on the animal mat- 
ter ; and it appears very doubtful, if acids can ever be 
given to that extent to render the urine sufficiently 
powerful from their operation to exert any solvent power. 

Fourcroy and Vauquelin have proposed *, that the so- 
lution of urinary concretions should be attempted by 
the injection of the proper solvents into the bladder 5 
the uric acid calculus being dissolved, they observe, 
by some days immersion an alkaline ley, so weak 
that it might, as they suppose, be safely injected, and the 
calculi of the phosphates being dissolved by water, in 
which there was so little muriatic acid as to give only a 
* slight sourness. From the extreme irritability of the blad- 
der, however, with regard to every fluid but that which 


* TMemoires de I’lnstitut. National, tom. iv* 
- t^^onreroy’s System, vol, x. p. S51. 
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it ustiaUy contains^ and to which the stgte of that irrita* 
bility is adapted, there can be little doubt but tha|^ this 

project is altogether impracticable. 



The preceding history of urinary concretions apply to 
those formed in the human system. They are also some* 
times found in other animals; and calculi of this kind 
from the dog, the horse, the hog, and the ox, have been 
examined They have presented the singularity, that 
the uric, acid is altogether wanting, these concretions 
consisting of phosphate or of carbonate of lime with ani- 
mal matter. 


SECT. VII. 

SYNOVIA. 

This name is given to* the liquor which is found with- 
in the capsular ligaments of the joints, and which is de- 
signed to facilitate the motien.of the articulated bones. 
It was submitted to chemicakexamination by Margueron, 
from whose memoir f the following concise account of it 
is taken. 

It is a fluid extremely viscous, more or less transpa- 
rent, and of a ^greenish colour: when it is withdrawn 


* rPearsonJ Philosophical Transactions, 31798, p. 39. 

< Fourcroy, Annales du Museum Nationalt tom* iii. p. 304. 
v'^om. iv. p. 32Q. 

I* Annales de Chiraie, tom* xiv. p. 123. 
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from its capsulcj^it becomes gelatinous } hjxt after stands- 
« sog for some time, it loses this, and deposites a fibrous 
elastic matter. It mixes easily with cold water by agi- 
tation, and renders it viscous : the mixed liqui^. is 

heated, it becomes milky, sy^d some pellicles are formed, 
but the liquor remains viscous as before. 

Acids added to synovia, produce a flocculept' precipi- 
tate, which is, however, so6n rcdissolved, nor is the vis- 
cosity lessened. When the stronger acids are diluted with 
front 12 to 15 parts of water, they still render this liquor 
turbid, without impairing its viscid consistence ; but 
when very much diluted, so that the acidity is scarcely 
perceptible, this consistence disappears, the liquor becomes 
clear and transparent, and there separates from it a fibrous- 
like matter. These phenomena were, in particular, pro- 
duced by the action of acetous acid. The liquor remaining 
after this precipitation being heated, affords albuminous 
pellicles, and when these are withdrawn, it gives, on eva- 
poration, crystals of muriate and of acetate of soda. From 
288 parts of synovia, there were separated by the action 
of acetic acid, 34 of the fibrous-like matter, and after- 
wards, by heat and evaporation, 1 3 of albumen, 5 of mu- 
riate of soda, and 3 of acetate of soda. 

The fibrous matter which is thrown down in these 
experiments, is not perfectly similar in its properties to 
any known animal principle \ for although it has some re- 
semblance, both to albumen and to .fibrio, it still differs 
from both. Margueron observes, that it resembles fibrin, 
or rather the gluten of wheat, with whicll he compares 
it, in colour, taste, and odour, in elasticity and ^hgin?city i 
but it differs in being soluble *by agitation m cold water. 
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aftdMiieiiig precipitated- in fi^es 'liM alkdliolf 

He €9acludii^> perhaps without mnitih pi^cisi^that^itlS 
^[^ibtttneii in a particular state. :♦ - - 

^Aftbhol separates aHm^men from tfee^^ySovia, but iJo't 
the peculiar fibrous matter^ aUd herice the viscidity is not 
impaired, but it imtnediatdy disappears on adding acetic 
^ acid, and a j^o ttio n of fibrous matter is deposited. 

Synovia affords precipitates with lime water, and with 
the solutions of barytes, strontites, potassa, and even alm- 
.-jjionia, consisting princijpatty of the .plwsphate of limd it 
contains ; and from the presence of the same substance, 
it gives a precipitate with oxalic acid. The alkalis at the 
same time render it more fluid, and even dissolve it' when 
it has been inspissated from exposure to the air. 

Exposed to a moist atmosphere, it passes into a state 
of putrefaction, and exhales ammonia. Decomposed by 
heat, it affords empyreumatic oil and carbonate of am- 
monia y and the residuum contains muriate and carbonate 
of soda. Phosphate of Untie is obtained from the incine- 
ration of its charcoal. 

Margueron concludes, as the result of his analysis of 
this fluid, that itris composed of fibrous mitter ri;8,'^al- 
bumen 4.5, muriate of soda ftV5, carbonate of sbeta 7, 
phosphate of lime 7, the remaining/quanii;ity to make up 
100 parts being water. 

Autoritic CcncHetioks, or those depbsit^' sonte-l 
times during a paroxysm of gout in the jfOirits, SreSraro-* 
''bably formed from this fluid, or at least ate 'depdiitSkf by 
They were found by Dr Wolfi^on ^ icon- 
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of urate of aoda * ; a discovery confirmed by the ex- 
periments of Fourcroy f . The connection of gout with 
gravel has a#**?* been observed; and the deposition of 
these concretions probably depends on some cause siipiiar 
to that on which the iornution of urinaiy calculi depends. 


SECT. VJjJ. 

AMNIOTIC FLUID. 

The fluid with which the foetus is surrounded in the 
amnios, is entitled to notice, prirKipally as having furnibh- 
ed what Vauquelm has regarded as a new acid.< ob- 
tained it from the atnniolic liquor of tlie cow : this has a 
teddish colour, is somewhat viscid and mucilaginoub, has 
an acid and bitter taste, and a faint odour. It redden j 
the more delicate vegetable colours. 

When this liquid is evaporated, it is covered with a 
scum, in which are formed some small brilliant crystals ; 
and by continuing the evaporation, it is retluced to a thick 
viscid* 'consistence like that of honey. If this be treated 
with alkobol boiled on it, a quantity of viscid dark colour- 
ed matter, nearly of the consistence of pkeh, remains uu- 
dissolved ; when the alkobol is poured off from this, on 
cooling, U deposites btilHant crystals, io the form of slen- 
der prismSi Dkiitly an inch long. These crystals art the 

* Philosophical Traneactions, 1797, p. 

f Avnales du Museum^NationaL tom. i. p. 100. 
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amniotic acid. They may also^be obtained by reducing 
the liquor to one^fourth of its volume by evaporation ; 
S they are coloured by a small quantity of the animal mat* 
t^ which may, howev|p:> be abstracted by washing with 
a little water, then dissolving and again crystallizing 
them.. 

This acid, di^scovered and examined by Vauquelin and 
Buniva *, is white, brilliant ; has a sli;;htly sour taste, 
reddens infusion of litmus, is sparingly soluble In cold 
» water, but more so in warm water, and crystallizes on 
cooling : it is also soluble in alkohol. It combines with 
the alkalis, and forms soluble salts, which are decomposed 
by thf* other acids, the amniotic acid being precipitated. 
It does* not decompose the alkaline carbonates, unless 
when aided by heatj neither does it precipitate the earthy 
salts, or the nitrates of silver, quicksilver, or lead. Ex- 
posed to heat, it is decomposed, becomes black, exhales 
ammonia and prussic acid, and leaves a bulky charcoal. In 
these properties it has sqpae points of resemblance both 
to saccho^lactic and to uric acid ; but the former differs 
it in being soluble in alcohol, and in affording nei- 
ther ammonia nor prussic acid, when decomposed by 
heat ; and the latter, equally in its insolubility in alkohol, 
its different crystallization, and the red colour which it 
receives from nitric acid. 

M. The animal matter which exists along with this acid in 
the liqvoMf the amnios of the cow, has some peculiar 
cjjdracters! It is of a reddish brown colour, of a taste 
somewhat saline, and has a strong smell : it is readily SO* 


Annales dc Chiinie,*tom. xxxvi. p. 265. ^ 
Uu2 
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luble in* water, te which it communicates its colour, but 
without any viscidity or, gelatinous consistence ; it is in- { 
soluble in alkohol, which even precipitates ijt from if 
watery solution. Decomposed .by beat, it affords jrfie 
usual products of animal matter, with a considerable quan- 
tify of prussic acid i its charcoal, when incinerated, gives 
phosphate of magnesia^ Nitric acid disengages from it 
nitrogen and carb ^nicacid gases, without converting it in- 
to any acid. It is not precipitated by tannin. 

W.kh these two principles, there is present in this li-. 
quid a portion of sulphate of soda, which may be obtain- 
ed by crystalliaation from the evaporated liquor, after this 
» has deposited the ananlotic acid. 

It is 'singular, that the human amniotic fluid is altoge- 
ther different in its. composition. Vauquelin and Buniva 
could not discover in it any amniotic acid, but found it 
to consist of albumen, and perhaps gelatin, with a little 
muriate and- carbonate of soda and /phosphate of lime. 
From containing those princijjles, it is of a mild, saline 
taste, a whitish colour, and a little viscid. It becomes 
sttU more milky when hpted ; acids render it clear^i^^ 
koliol and also the alkalis separate albuminous flakes from 
it. Infusion of galls prodluces a copious precipitate 5 and 
a white precipitate is formed by nitrate of silver, insolu- 
ble .in nitric acid^ indicating the|>resence of muriatic acid- 
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SECT. IX. 

HUMOURS OF THE EYE. 

The b'lll of the eye contains three liquids differing Iti 
iheir pi jsieal properties, though but little in their chemi- 
cal nature : the i^queous Humour, situated in the ante- 
rior chamber ; the Crystalline Humour or Lens, occupy- 
ing the central space ; and the Vitreous Humour, which 
fills up the greater part behind the lens. Of these we 
had very little chemical knowledge, until, their analysis 
was executed by Mr Chenevix $ from whose disserta- 
tion with one or two facts from a short memoir by 
Nicholas f, subsequent to that of Chenevix, die following 
account of them is taken. • 

Aqulous Humour. This is a clear transparent liquid, 
of the specific gravity of 10090, at 60° of Fahrenheit. 
When fresh, it has very yttle smell, or taste. It causes 
very little change in the vegetable re-active colours ; a 
little ammonia, which c.'»use| ij: to give a green tinge, 
being apparently produced from deconipositipn. 

When exposed to the air, at a moderate temperature, 
it evaporates slowly, and becomes slightly putrid. When 
made to boil, a coagulura is forrped, but so small as hard- 
ly to be perceptible. Evaporated to d^ness, a residuum 
vemainfrpwreighing not more than S cent, ol the origi-\ 
"'hif liquor. , 

Airl*l\ilosophical Trans^actioiis, 1803. 
t Auuales de Chhnic, tom. liii. ^ 

V,u 3 . 
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teT) the colour removed, and a white substance remains, 

having all the properties of fibrin. 

When the water which has been employed in this ope*, 
ration is examined, it is found, besides the colouring 
matter derived from the bipod, to contain albumen, ge- 
latin, saline matter, and fat, the last no doubt being ad- 
ventitious, the others perhaps being constituent parts of 
the flesh. By heating this water gradually, the albumen 
first coagulates and separates in flakes ; if these be re- 
moved, and the liquor farther evaporated, it becomes 
latinous when cold ; the fat, during the boiling, separating 
and collecting on the surface. By this simple analysis 
made by Thouvenel, the immediate principles of muscle 
are discovered. i 


Besides these, this chemist obtained a peculiar extract- 
ive matter, by evaporating the jelly to dryness, and treat- 
ing it with alkohol : the gelatin and saline matter remain 
undissolved, and the alkohol takes up this peculiar matter, 
which, by evaporation, may be obtained in the solid form. 
It is of a brownish red colour, has a pungent, even acrid 
Wste, and a^ odour somewhat aromatic ; by being heated 
a lijx^le more than is necessary dry it, it boils and swells, 
aj^sumes the odour . and^ saccharine taste of caramel. 
It is ddique$cenf;9 ^nd, when in solution, becomes sour 


>^^^^^exposure to the air, passing into acetic acid, and dc- 
|vf^king chatci;ial. Subjected to destructive distillation, it 
^l^yyMratert amnaoniai and acetic^ acid ; and its residual 
cemtems muriates of potassa and soda. 

:^|^.By boiliqg watier on.thn muscular fibre previcmsly 
washed, the saline matjt^' it contains is. dissolved,^nd 
may be -dented in the gelatinous, solution. PhosphatV • 
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of soda and of ammonia wi*re known t<} be thus proc,\ir- 
ed ; and, from Mr H -tcliet s experiments, it appears, that 
phosphate and carbonate of lime are also present. They 
are more aininilant, he found, in the muscl^of beef than 
in that of ve;d j and he hcnce^concludes, that the earthy 
matter is more abundant in the coarse and rigid fibre of 
adult and aged amrnals, than in the tender fibre of those 
which are young ; and this seems to be corroborated by 
the tendency -o morbid ossification so frequently observed 
in aged individuals of the human species *.*’ In young 
animals, too, the gelut.n is more abundant in the muscu- 
lar fibre than in those of advanced age ; in the latter^ the 
fibrin appears to predominate. 

When the eutire-mu^cular flesh is boiled at once in wa- 
ter, its principles arc more completely dissolved, except 
the fibrin, which is in part dissolved, but which partly al- 
so forms threads that float in the liquor. In this liquid 
these principles can be discovered. The gelatin slnd al- 
bumen are detected by the infusion of tannin $ and from 
the presence of the gelatin, the liquet, too, is liable to be- 
come sour on keeping, acetous acid being form^. Lime- 
water, or ammonia, produces in it a slight precipitate of 
phosphate of lime : oxalic adtSf detects the Itme ^ and, ac«> 
cording to Fourcroy;, nitrate of silver indicates the pre«> 
sence of muriatic acid: If. the decoction be attained iatui 
evaporated, it becomes gelatinous; and by being boilM 
down sufficiently, it even becomes perfectly solid 
firm, in consequence of vriiich it can be pre^rv^ for a; 
lung time without injury. Compositions of this kind, 

' — I ■■ ‘ i. . .1- i. j 

. * Philosophical Transactions, 1800^ 
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mtb tbe addltioii of aromatics and a little muriate of so- 
t da» form the tablets of portable soup. 

‘The muscular fibre, m its relations to tlie chemical re- 
presents phenomena conformable to what we 
know of its ulimedtate principles. 

When.eacposed to the air, it soon becomes tainted, and 
art, length putrid,— a change which, as Mr Hatchet has 
supposed, depends .principally on the presence of gelatin; 
as lie found, that flesh, deprived of this principle by long 
maceration and subsequqat boiling, is little liable to this 
change. 

% 

*\Vlien the air is excluded, and the flesh is immersed 
under water, it suffers a peculiar, species of decomposi- 
tion, in. con sequence of which it is cotivcr|ed into a fatty 
matter like $permacet^«-Ha change which is to be comi- 
dered uWer the history of the general chemical changes 
to which animal flatter is liable. 

Siposed to heat, it aflFords all the usual products arising 
from the decolhposition of animal matter. BtTthollet, ex- 
an^ning the acid wbteh it afii>rds, found, that it is of a 
peculiar nature : be named it.the Zoonic ; but it has since 
beert discovered to be merely the acetic* Five hundred 
jpeahia ctf the washed musdSl^r fibre of beef, left, in Mr 
HatdiWt’s experimemi, lOB grains of charcoal, which, by 
irtchietatilHIs atfbrcUd 25^6 grains of earthy residuum, die 
greater puit of which was carbonate of lime, with a small 
jpUE^Kprtion pf ^md a little pure lime. 

‘The ac»4* decbih^^ the muscular fibre, with results 
nearly the same as those produced by their action on 
fibrin. The action of nitric 'acid has in partjcular been 
eaamin^^^^hd important, fiertbollct long ago remark- 
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edy tliat it caused an evolution of nitcogen gas« Mr 
H^Lchet has shown, that washed muscular 6bre, acted en 
by nitric acid diluted with three parts of water in the cold, 
is converted into a substance soluble in boiling water, and 
analogous to gelatin ; the aci4» at the satne time, acquir- 
ing a .yellow tinge ; and the residua) matter consists prin- 
cipally of fat| with a portion of undecoqfiposed rnuscular 
fibre. When the washed flesh was acted on by boiling 
nitric acid, it was dissolved ; the solution was of a yellow 
colour, and a portion of fatty matter floated .on the sur- 
face : ammonia threw down a precipitate of oxalate, with 
a little phosphate of lime : oxalic acid, therefore, had been 
4'ormed. When the recent muscle, without any prepara- 
tion, was dissolved in nitric acid, the solution, Vhen sa- 
turated with animonia, became of a deep orange* colour : 
it also formed animal soap with the alkalis,-— phenomena 
indicating the presence of albumen 
The action of nitric acid on the muscular fibre has been 
more lately examined still more minutely by Fourcroy and 
Vauquelin ; and some important results have been estab- 
lished, though only a very confused statement, ofi thehi 
... 

has hitheho been published f. ^ 

A mixture of muscular with an equal qoaatity.4i||^ 
nitric add and of watery being hteated in a matrass, 
out an elastic fluid, found to consist of nine-teinths ntti^ 
gen and one-tenth carbonic acid. The residumn consist; 
ed of the remains df t)id flesh, still retaining in fMrtils 
fibrous appear.’.nce, of a* yellow .liqtioif, did cif a yelloV'' 

^ PhiloBOj'iiKal Transnetions, 1800, p. 89i. 893. 
f Aimales de Chimie, toins Ivi, Nicholson^s Journal, vpl. xuk 
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fatty matter, collected on the surface of the liquor. This 
being removed, and the liquor filtered, the residual fibrous 
matter was found to have the following properties : it gave 
to boiling water a yellow colour, and the property of red- 
dening vegetable blues ; an,d even after having been re- 
peatedly washed, it continued to give colour, though no 
longer acidity. Washing rendered its colour deeper tlian 
first *, "and when diffused in a little water, it reddened 
litmus-paper. Its solution in alkalis was of a blood-red 
colour : acids precipitated it in y^dlow (lak^s. If feels 
greasy and pitcliy ; has a rancid smell, and a bitter taste ; 
and melts, swells, and givea an oily vapour when heated- 
By a farther examinaiion, it was found to saturate alkalis,"^ 
80 as nearly to disgiuse their properties : its combinatioiiij 
with potassa and ammonia latijcred like soap and water, 
and are not decomposed by carbonic acid* The yellow 
matter even decomposes the alkaline carbonates in the 
cold, with effervescence, and likewise the solution of 
acetate of potassa, with the assistance of a gentle heat. 

From these properties, it might be suspected, that this 
product was not pure, but rather in a state of intermix- 
. ture ; and accordingly, by the application of alkohoi, it 
4- was found to consist of a sffiail quantity of unctuous mat- 
ter, which the alkohol takes up, and of an acid, winch, 
jfit^ its colour, these chemists have named Yellow Acid. 
This acid, when freed , from the fat which disguises its ^ 
is of a^deeper colour, reddens more strongly 
the vegetable ;C^&urs l( it no longer melts, and does not 
^hale the odour of burnt grease, bat fcctid and arnmo- 
vhiacal vapours. It combines with ammonia, \vliich it de- 
piSves its odour. Dissolved in fat, it communicates to 
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5t acidity and rancidness. Subjected to destructive distil- 
latioH) it gives the usual products of the decomposition of 
animal matter. 

^ The combination of the yellow acid with the fat, on 
being again submitted to the action of nitric acid, under* 
went.no remarkable alteration, except that its colour 
changed from yellow to white, and its bulk and specific 
gravity were diminished. 

The acid liquor obtained in the above process was next 
examined. It had a yellow colour : whe.i saturated with 
carbonate of potassa, its colour changed to orange : after- 
waids it became turLid, and deposited a small quantity of 
\)range-red powder. J)y distillation, a cI.Mr coJouricss li- 
tjuor, of a rancid Cfuitalning a little ammonia, was 
obtained. On distilling the liquor, Mdthout the previous 
addition of carbonate of potassa, a similar polourless fluid 
passed over : what remained in the retort bad become yel- 
low by concentration : when concentrated, crystals form- 
ed in the midst of a liquor, viscid, and having an acrid 
bitter taste ; on thd addition of a little potassa, it became 
of a blood-red colour : mixed with alkohol, it gave^ a pre- 
cipitate, consisting of a mixture of sulphate of lime and 
super-oxalate of potassa. Tt'gave a second precipitate 
with lime water, consisting of oxalate of lime. After tins 
double operation of alkoboi and lime* water on this cotu- 
^ centrated Hquor, on being gradually evaporated farther^ iA 
became converted into a broWn viscid syrup, la bitter 
taste ; which being again mixed wilth alkohol, thr0w down 
a copious precipitate of nialate of lime, thb alkohol re- 
taining dissolved a portion of yellow ajCrid matter* 

From these factSj it is concluded, to use the Words of 



MUSCULAR FIBRE. 


666 

iSit memoir^ That the muscles contain potash, lime, and 
iulphuric acid, or perhaps sulphur burned by nitric acid : 
That a portion of the muscular fibre, or rather the cellu- 
lar membrane urith which it is enveloped, was converted 
by the action of the nitric ^cid into oxalic acid and malic 
acid. The alkohol employed in^the separation of the 
^ malate of lime held in solution, 1st, A small portion of 
nitrate of lime ; 2dly, A very bitter red-brown matter, 
possessing the flavour of walnut rhinds, of which more 
will be said hereafter ; Sdly, A small quantity of that de- 
tonating matter already found in indigo : it was in this 
* case obtained by concentrating the alkoholic solution, and 
separating, it by the addition ol carbonateof potash, in the^ 
form of granulated crystals, very inflammable, and very 
detonating/* 

<< The disenjpgement of azotic gas, the formation of car- 
bonic acid, of fat, of oxalic acid, and of a bitter substance, 
constitute the whole that was known respecting the treat- 
ment of animal substances by nitric acid : to this is now 
added the disedvery, Ist, Of a yellow insipid matter, of 
Utt]^ solubility, though acid, and winch immediately suc- 
ceedf the fleshy fibre | 2dly, Of another yellow matter, 
biims, meye solidbie,^Ahd equally acid, wbich remains dis- 
solved in the nitric liquor"; Sdly, Of an inflammable de- 
tonating subsSanc^i which is also retained in solution $ 
debly, and lastlyf Of the fonnation'of mahe acid. It ap- ^ 
peats^iUMl latbetUfto Messrs Fourcroy and Vauque- 
lin, that the j^etfow and nearly insduble matter is the first 
degree of change produced upon the muscular fibre : it 
passes quickly to the second degree of alteration and of 
acidtty, whose product is the more soluble yellow matter : 
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this, by a third degree of ^alterationf is succeeded by the 
inflammable detonating subs^ce, being the third and last • 
term of the decomposing action of nitric acid* The au- 
thors of this memoir attribute the successive formation of 
these three compounds to the subtraction of part of the 
azote» and of a more^ considerable portion of tlie hydro-' 
gen ; by this means the proportions of thpir elements are • 
chaiige<l> and there remains an excess of carbon and 
oxygeoi which, produces the state of fat and acidky ai* 
ready noticed. They examined if the acidity of the yel- 
low substances might in any measure arise from nitric 
acid ; but after a careful investigation » t^ey were satisfied" 
^that it was in no degree present. The for mation of ox- 
alic and malic acidsi belongs to the white mucous scales 
of the cellular membrane. Q^mparative experiments of 
the effects of nitric acid on the white membranaceous or- 

'■j 

gansj which furnished plenty of these acids^ and. very lit- 
tle of the fat yullow m^tteri led the authors to this con- 
clusion.” 

The yellow principle which they have thus discovered, 
appears to have some relation with die bjHe*. According 
to the reporter of these experiments, red lUatterof. 
biliary concretions, when s^Aated from the bitter green 
matter with which it is combined, displayed similar pro- 
perties with the yellow fibrous matter. A substance si- 
milar to it too, was obtained from the urine of a persm 
labouring under jaun^ce, by evaporating it, and treeing 
k with alkehol. They suppose even, that it is it wli^ 
the yeiSow colour to bile. ,v . 
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SECT.^XI, 


OF SKIK> Cj^LtULAR FIBRE^ AND MEMBRANE* 


The soft solids, enumerated ui^er this section, *have 
a close analogy in their properties^ and appear to be the 
matter under. very slight modifications^ or to have 
for their basis Gelatin. 

' The Si;tK, which forms the external covering of the 
animal body, consists principally of two parts capable of 
^being separat(sd»^iid even possessed of different chemical 
diaracters ; the external thin covering named >the Cuticle* 
or IS^pidermis ; and beneath this, a thicker and more firm 
layer, tjte Cuth^'or true ^n. Betv^een these, has been 
also des^lbed by anatomists, a otsllular texture, soft and 


gelatinpus* 

The first of these, the Cuticle, is nearly; inorganic. 
Wh^^;sepat:atcd from (die other parts, which it may be 
in the living, anim^, by the apidication of a blister, or 
i^en the sk^.,hxB detached, by maceration in hot 
it a]^al^^e:i^dr|smely thin, and transparent. It is 
h^olnhle in by long boilir\g, a pro- 

in which it d'^ers from the true, skin, which may 
b|i dissolved : |t i:S.£j^Tely softened, and at length reduced 
into sma^rparttdes^ It . is equally insoluble in alkohol.' 
Solutions dissolve it easily, form- 

kiiid qf,i,soap ; action, which we perceive 

vvell exemt>Hfied ^twe^n these substances, in rubbing r 
li)tde of an alkaline ley between the fingers,^ the soapy 
Isel being strong* Xime, tpo, acts on it as a solvent ; 



and hence the advantage of lime In the-pperation of tan- 
ning : it removes* the epidermisi and allows the true ’ 
skin to be penetrated with the tanning l^uor from^jeaqk^ 
surface. The acids decompose it : sulphuric acid forin,$ 
with i| a kind of soapy pulp, ^ and at tlie same time chars 
it : nitric acid stains yellow. 

The true skin, or Cutis, is much thicker than the epi^ . 
dermis,' and consists of layers interlaced : it has consider- 
able firmness and elasticity. When macerated in water><, 
it swells and softens^ and the blood and other animal 
fluids contained in it are dissolved. If it be boiled strong««> 
ly in water, it is then entirely dissolved, this solutioa ^ 
presents all the characters of gelatin : it is precipitated by 
tannin, and by nitro-muriate of tin ; and, when evaporat* 
ed| forme a jelly or gtuei <nore(dir less consistent.. Segttio^ 
in Ins researches on tbe art of tatming, had ohserlEed/liMift 
the skin in its dense state does not easily coratmie 
tannin } he regaisded it, therefore, as gelatin hardened by. 
a slight degree of oxidizemmt and tm t^ hypo^iesis, 
he explained the effect of some Substgoees, as the {^ie.; 
acid, in promoting the operation of tawaii^ {M:hey partia^ 
ly de-oxidized it, he supposed, and thus 'facilitated its.'gra>i 
dual combination with the t^nb). Mr Katcbet^ without 
assigning the cause, has observed also the didFerenoe 
tween skin aoid pure gelatin, and .likewise die djfihretxsdd 
in the skin of didereut s^itnals, ,in the jelly at thhy, 
afford >by boiling with Water. , IThere ii[^ gra(fatiUB,'‘'|^ > 
observes, from most firm f^-honsisteitt aLsiwdi^ 
portion of which comtuunici^ vishidity to liiwtfr, do"* . 
tremulous mpeUage. All of th^ urd -Msen^tiidly gidttin:i - 
or possess its chemical-propettie^ 'b«t'.j|iry.di^er in thd .; 

X*’"’ 
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degree of consistence) which, when they are all in a soHd 
' state, they communicate to water, and in the facility 
whichvthey are acted on by tannin, nitro-muriate of 
tin, nitric acid, and other re-agents those which are least 
consistent and risi^d being dissolved, and acted 04 with 
most facility*. The most skins, he found, al- 

ways afForded gelatin more easily, and of a less vi c'd 
quality, than those which are lest flexible; and in tlie 
arts, the different kinds eF si 7 e and glue are prepared front 
^ the skink of different animals, according to the purpose to 
whidh they arc to be applied, the skin being well clean- 
ed, boiled inillralcr until it is dissolved, and tlie decoction 
evaporated to the due consistence. 

The art of |anning skin, from the operation of tanni^’ 
en its ‘gelatin, has already (p. 292 ) been described. 

ACkia act on skin, add decompose it. The nitric acid 
cause$ an evolution of nitrogen gas and prussic acid, and 
d formationof oxalic acid; the skm,or the glue formed from 
and the liquor acquires a yellow colour, which 
dbecemes deeper when it is saturated with ammonia. Mu- 
ll^atic acid <fissolVej|i^the glue formed from skin, and the 
fioltttion suffers tko change for many months. 

Skin is also soluble in alkaline solutions. The glueo 

AC 

formed from it> eonsisting of pnretgcljtin, are dissolve ! 
by them) andMrHatcbct has remathedythat the compound 
is not si^py, as it is, when the gelatin is not pure but 
mised with ax^H^eml^nnotts part not soluble in water. 

Skih in its moist state idfiable to putrefaction ; less so, 
homrsver, the nwo ditt(MN} ai?d firm it is ; and this is ob- 

ShHosophwal Tifosactions, IdOO, p. S6T, 3f>^ 
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served even in a state of aolution> Mr Hatchet having re- 
marked^ that a solution of glue is much longer in show- 
ing signs of putrefaction than a solution of tremulous 
animal mucilage. 

^ Skin is 'decomposed by beat, and adfeirds the usual pro- 
ducts of animal matter. # 

The Cellular Fibre, or net-work, the Rete muco- 
sum of anatomists, interposed 1)etween the cutis aind 
cuticle, has been little examined, and indeed^ cannot be 
detached from the other parts. It is the seat of the co- 
lour ; and this colouring matter can be acted on even 
through the cuticle, the skin of the negro lleing whitened 
, by the action of oxymuriatic acid, as Dr Beddoes first as- 
certained, though the black colour is resumed in a shdrt 
time. 

The Membranes, which compose so large a portion 
of the soft solids, forming the cellular texture, the coats 
of the vessels, and the coverings of the viscera, appear to 
be of the same nature* They have similar JltaibiliiKy;, and 
they dissolve more or less completely in water, forming 
gelatinous solutions. 


SEiCT. XYl. 

tendon, ligament. cAKTJ^jLAGif* 

These, in their physical prop^fes^' sni Ij^ 

Ae substances described in the preceding section, parti- 
cularly in' their greater firrhness and liaiflfcwkj 





m 

« gradation Tito those whkh are still more highly 
. ‘intbrated, bone and sheH. The chemical constitution of 
^Ifeiwuof then* ha*t howerer, been only inaperfectly inves- 
tigated. ligament, tendon, and musde, it is observed by 
Miv Hatchet, seemllo glide almost imperceptibjy into each 
'rethet: they are^omiMted with cattil^e, as it is, on ftie 
i^er hand, with hoR> ; and the basis of. all them appears, 
Ifom Mr Hat^t's jenp^riments, to be albumen. I have 
l^»Tefore.|daced them under one section. i 
j'ii^he TlllDONS, which are cords or 'flat sheaths connect- 
ilig the, muscles with the bones, have a coftsiderable de- 
gree of tougHlliess and elasticity : their texture is fibrous. 
They are .with difficulty acted on;by swter. It is said, 
ton^r, that long boiling they are dissolved, and 

ahehf sedition forms a je4y or glutf. It is sufficiently 
diat they may afford so much gelatin as to form 
d griajjtwirs flwid but it may be doubted if they are en- 

'itiissly solvdile. ‘ 

caftnwfdlh^ bind the bones together 

^at their arthtulatiofls : they are ^tihctly fibrous in their 
?.^tme, thelbna^rl^^ possessed 

' Toif gi)eatiStrcn^b,ji||iid''te>heMon } can be stretched, out, and 
define; 'elaitieity, and^ ate not easUy broken. 
;|||^^ boiled, in water, they afford « portiwi of gelatin, 

the vWiter. being twidereidturhid by, infusion of tannin, 

, W the Stiire sul^anee cad"®* jtaijdietolTCd, and it even^ 

with its texture little al- 
,#^.r^-ItU^viMW, that its bpsis is not gela* 

' ^;l^,indhrated albimten. 

tW.tiwsition to bona ; it has so * 
i.'iequtie the enertion cf some fore® 
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to bend it ; and in a morbid state, it so highly in* 

durated as to be ossified. Bone, on the other hand, is in* 
the first stages of its formation and growth cartilaginous $ 
it sometimes becomes so, too, from diseased : and a carti« 
laginous matter exists in the hardest bones, and forms 
their basis, from which the other ingredients, the gelatin 
and earthy matter, may be removed hy their proper sol- 
vents. 

Cartilages are* solid, but soft and easily out i higidy 
elastic, dense in their texture, white and seim-^tfakisparent. 
'fhey cover the articulated extremities of bones, or some- 
times form distinct parts, ^ 

The chdhiicai projierties of cartilage are not very well 
determined, and appear to vary in difiereot cartilages. 
Thus Mi^ Hatchet has remarked, that the caitilages of 
the articulations are completely soluble when long boil- 
ed with water ; but this by no means happens when other 
cartilages arc thus treated They are stated, hbwever, 
to be softened by macerjitioii in water, and by loo|g boil- 
ing to be steady entirely dissolved. 

^Ihe little action exerted ^vpn by the *jnore powerful 

chemical re-agents on cartilage, is very well shewn by the 

# 0 

fact, that in subjecting a bone to the action of diluted 
muriatic or nitric acid, Hiough the gelatin and the phi(N> 
phate of lime are dissolved, the cartilaginous part remains 
undissolved, tratispatei^t, and presenting the figoie of the 
bone. ' This residual eartilagumM mal^, it is renaarked 
by Mr Uatcli^t, << is not easily soluble in dilute acyi } 
for (according to its texture) many weeks, and even 

s 



^ Hatchet, Plulosophital Transactioos, 1800 , p. 370 s 
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months may elapssT, before a sm'atf 'part is taken up ; but 
m concentrated nitric acid, or in boiling dilute acid, it is 
rapidly, dissolved.” 

As the matter of cartilage thus obviously differs from, 

, gelatin, and as it is comparatWely insoluble and inactive, 
it appears to be what Mr Hatchet has ccmsidercd as incfu- 
? rated albumen, and which is the basis of a number of ani- 
sofids, He accordingly states this principle as the 
essential pArt of cartilage, hbm, hair, feather, quill, hoof, 
and "shell, varying dinly in its consistency from a soft 
Jelly to an elastic, brittle, and hard body like tortoise shell, 
^but in all of t^se of similar chemical properties. From 
experiplrents on these bodies, ;wrhicK did not gtve any es- 
sentijd^ifFerenqg in the results,, it appears, that this mat- , 
ter isil^ft^ned when boiled in water, and'"’ the wafer be- 
comes slightly turbid with nitro*muViate of tfh, but suffers 
no c^^idg^ firom the" tanning principle. l^Iuriatic and sul- 
v^phniric acids had little .etfect on it unless ht?ated ; and the 
, same the With nitric W4 ,mtioh diluted, JoKin the 
‘ Wate proper to Extract and sepatite gelatin ; 4>ut if the 
'^ ittunersiotfiti was' continued during ^me 

we^W, the acid gt3^ally.ac(|^utred a, yellow tinge, and, 
..lyjlM satitfited wiiH’amiinoinia, bccante'bf a deeper colour 
hWing its transpiitency di^rbed. ’■ The sub- 
stance m^rated, is sdftSe^ and becoidaes more transpa- 
. rent:, if. ^ihedia^eiy in&er^ed ammonia, its co- , 

four cli^gds i^ to blOod red, and 

' j^ually.dissolvedj^’ii^mng a deep orauge or yellow- 
f brown taten out of fhe acid, it is 

.well washed in i|stUl<^ ;^ter and then boiled; it is al- 
^ Uquor, predptfated like gelatin 
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hy hifussion of tannin and nitro- muriate, of tin. If the ni- 
tric acid was not ufficienlly diluted, or if heat was ap-, 
plied, tlie whole was rapidly dissolved with effervescence^ 
,aiid A discharge of nitious gas j and the solution present- 
ed nearly the same propcities as that with the dilute acid. 

• 

'Jlic fixed alkalis combine with thus principle in all its va- 
r.^ties, and foim siponaceous compounds, ammonia be- 
ing di?>chgiged durng the combination, and charcoal pre- 
cipitated. These compounds were decomposed by the 
add non of an acid, and a copious precipitate thrown 
down, soluble in an excess of acid, and capable, with the 
alkali, of again forming soap. This priin^le, when dis- 
tilled, gave a small portion of water, some carbonate of 

a 1111101113, a foptid empyreiimatic oil, carburetted hydro- 
• 1 
gen, and catbopic acid gases and prussic acid* Its coal 

affords little saline matter, principally phosphates. 

Mr Hatchet was induced to make some comparative 
experiments on pure coagulatedL albumen dried, and found 
thorn almost precisely the same. There can be therefore^ 
little doubt, that albumen is the basis of rhe substances 
above described, existing in tliem, ^witli variable propor- 

ji t ^ 

tions of gelatin, and sotrKjUnics w'lth phosphate and car- 
bon .te of lime. 

These earthy sajfs do not appear to be essential to the 
constitution of cartilage, and when present are to be re- 
g irded, as Mr Hat;chf c has supposed, as extl^iueous or • 
foreign to the composition ^ 

The chemical nature of Hoi(n, is very similar to that 
of cartilage-, and, with regard to physical qualities, it 


Philosophical Transactiops, 1799, 
Xx 4* 
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diners from it in little except in its greater degree of in> 
duration. It is hard, so as not to be easily bent, unless 
when^xrtiBcially softened, but it can be easily pared or 
cut ; its texture is close and smoi'th, and it is more or 
less transparent, according to its thickness. When heat- 
ed, horn is softened, and it is then capable of being mould- 
ed into any form. 

Shavings andpieeesof thehornsof different animals, when 
b(H,led a long time in water, were found by Mr Hatchet 
to afford email quantities of gelatin i discovored by being 
precipitated by the tanning principle, and by nitro- muriate 
of tid : the noigst flexible horns yielded the largest quan- 
tity of gelatin, and most easily; and when deprived of it, 
and allowed to dry spontaneously, they became more ri- 
gid and more easily broken : this residual snattcr Mr Hat- 
chet legards as indurated albumen. He found farther, 
that they yield a very small quantity of phosphate of hme, 
^ so that it can scarcely be>regarded as an essential ingre- 
dient. Thus, £00 grains’ of tite horn of the ox, afforded, 
after a long coutinued heat, only 1.50 grains of residuum, 
and of this, loss tiMpa half proved to be phosphate of 
Kme *. ” i 

'nutse observations appl^ to the h^s of the ox, ram, 
gosf, mA chamois : it is singular, that,the stag's or buck’s 
hem U of a yery dijEferegg. nature, as is evident from {Jic 
productsif has hUeii loqg known tso afibrd, when decom* 
posed by heat, uAiicKalPfieifectly analogous to those of 
hMe. Mr Hatchet hM aederdingly remarked, that like 


y Philotophieal Transaetions, 1799, i8(K>. . 
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bone it affords much phosphate of Iimc> and a large quan- 
► tity of gelatin. 

Hoof appears to be not only of a mechanical 5 tructure» 
J)ut hlcewisc of a chemical composition similar to horn; 
the shavings of ox's hoof, when long digested in water, 
affording, as Mr Hatchet found, a liquor which was only 
made slightly turbid by.nitro-muriate of tin. 

The matter of the Nail is in like matiner softened on- 
ly, by digesting in boiling water for several days, and afc- 
fords a slight cloud on the addition of nitro^muriate of 
tin. 

Similar results, too, were afforded, in Mr Hatchet’s ex* 
periments, by the horny scales of serpents and lizards, as 
wcK as of certain insects, and by tortoise shell; and 
there can be Ivttie doubt that these are of the s^e che* 
mica] composition as horn. 

Flathcr and Quill, chemically considered, appear 
to be similar to these, and to have the same basis of in- 
durated albumen. Digested in boiling distilled water for 
ten or twelve days, they did not afford any trace of gela* 
tin by the test of the tanning principte^* but nitro-muriate 
of tin produced a faint white cloud. 

'Even Hair, though apparently very remote from some 
of these substances in mechanical structure, appear^ ^at 
least with regard to its basis, to be the same, or nearly so, 
in chemical compositpn. Mr H^chet found, ihat when * 
it was long digested or bcdled widi distilled water, it, like 
them, imparted to the water a small portion of gelatin, 
which was pree pitated by tannip, and by nitro^mUriate of 
iin ; and when the hair had been thus deprived of gelatin, 
apd subsequently dried in the air, the original flexibi- 
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}ity;Mtl elasticity It was much diminished ; it was also . 
^ HttW liable to farther spontaneous change, and had all the 
characters of the matter which Mr Hatchet regards as In- 
durated albumen. Vauquelin has more lately submitted/^* 
it to a more minute examination. He found, that though 
insoluble in water boiling -under a common pressures it 
may be dissolved ip Papin’s digester, where the tempera- 
ture U higher ftom the pressure being increased^— ^ a fact 
indeed before oli^rved by Achard. If the temperature 
was raised high in this instrument, the hair even suflered 
'df^omposition> catenate of ammonia, empyreuinatic oil, 
and 8u}phatel|ed hydrogen being evolved. When the so- i 
Jutiou of hair is thus effected at a high temperature, an 
i^iiy matter is always evolved \ the solution freed of this, 
gtv^ >^ptaus precipitates with infusion of galls and with 
oxymuriatic acid. It is also Tendered tuibid by the other 
acids, but an excess of acidity restores its transparency. It 
does not gelatinizev even when^ much concentrated by 
evaporatiot^ A dilute solution of potassa, he found, dis- 
solves it, hydrp-sulphuret of ammonia being at the same 
time evedved, whi|^^ little and iron, remain 

undissolved ; this alkaline con;i|uiund, according to Chnp- 
taly ie a eeap* TW acids fbo,^ gradually dissolve and de- 
: Impose it, nearly with the same results as are given by 
analogous animal spbatal^s. Alkohol digested on hair, 

‘ extracts Sf^'pertion of oii;,^or rathet two^oily fluids differing 
in theiiooIoiirS|f^nd;|^B^^ according to the colour 
the hair itself* From-blick hair, there Hirst separates, 
as the alkohol copla, ^^oily matter in white scales; and 
afterwards, on evaporating the oil, a concrete dark colour- 4^ 
ed oil : from rjed hair there are obtained, in a similar nv.\n * 
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wer, tirst tt white, and afterwards a red^ oil : the, co» 
■^ur of the hair seems to reside in this Oily matter, and al- 
so, as Vauquelin SMposcs, in the darker coloured hair, on 
c^ulphuretted iron. He found hair, on incineration, to af- 
fori! phosphate, sulphate, and carbonate of lime, muriate 
of slxla, silex, and oxides of iron and manganese, the whole 
amounting to a very small proportion of ahe hair, and vary- 
ing in hair of different colours. V 

The structure of hair appears perfSfctly close, and 
its external surface, even when^view^ with the micros- 
cope, smooth. Yet, as Mon^^e has oRrved, it is certain 
that the surface is not equally smooth when rubbed In 
different longitudinal directions, but is composed either cf^ 
scales like those of fish, or imbricated zones like the horna 
of animals ; hence its tendency -to be entangled; and on 
the same property is founded the art of felting hair, subser- 
vient to that of hat making. The details'of this art are 
very well stated and explained by»Chaussier *, arid in a me- 
moir by Mr Nicholson to- which some facts have been 

added by an anonymous correspondent 
Wool, is to be regar<ted m^erely as ^finer kind of hair. 
It has not been examined virtth much minuteness, but it 
possesses one characterist^ pAperty of what Mr Hatchet 
regards as indurated albumen, su^d as the basis of ail 
substances, that of forming a soap with alkalis. It has 
this even in so high a degree, that some* years ago it 
proposed by Chaptal, to iaieuemployed as a substitute for 
pil or fat in the manufactttte of soap ; woollen rags or 

. * Nicholson’s Journal, 4to, voL i. 399. 

Ibid, voL iii. p. 23.* J Ibid. 'p-.> 78* 
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eU^ings of wool being boiled in an alkaline ley to satu* 
• ration i tbe product is a soft soap of a grey colour, solu, 
ble in water, and possessed of sufficient detersive power** 
It has not been established in use, parSy as it gives a grey 
dolour to the thread or cloth wduLh is difficult to remove, 
and hence could not be applied to linen, and partly from 
its Very disagreea^e smell, which is only imperfectly re- 
moved by long exposure to die air. It is not improbable, 
however, that it%iay be used with advantage in cleansing 
ng; and from the obbcrvations of 
even that it may act as a mordant. 
From the Experiments of Berthollet it appears, that 
wool acted on by nitric acid affords oxalic acid and a fat- 
ly matter; the same products, with a less proportion, of 
the fbrrrienr, being afforded by hair. He found too, that 
woof is dissolved both by sulphuric and muriatic acids, 
Ammonia being formed, and charcoal deposited. 

With the substaiioes,4:he chemical history of which has 
flow been given, may' lastly be associated Silk, as strict- 
ly connected with them in properties and chemical rela- 
ifimfe. silk ^re by thecaterjpillar of 

^lecies of phalei^, the PhalVna bombyx, a native of 
Chifliii jthE'rilk wotms, howeV^i have been naturalized 
M a rrEmbEVof coutimes. The silk is inclosed in two 
small bags, in very fine &Wts of AiSerent shades of colour, 
from awlfete more or levs faint yVllow or red, shin- 
ing witlifSlftiiSi,^1t is naturally covered, and 

from which it likewise delves stiffness apd elasticity : 
ihis vamish'ts ediuble^ in water, bdt not in alkohol ; and 


wool previous to dvei 
Chaptal, it is proWRe 




TOI 

• ^its watery solution gives a precipitate ,wuh tannin, and 
^^ith several metallic salts. The colouring matter appears 
also not to be essential to silk ; it is soluble in alkohol, 
and approaches in its properties to a resin. To adapt it to 
use, silk is freed from these fo|gfign substances, principal- 
ly by the action of weak alkaline leys, soap, alkohol, and 
diluted acids, and especially the muriat^ acid diluted with 
alkohol according to the process for bleaching silk, dis- 
covered by Beaumd 

Silk is not soluble in water, even at a boiling heat : it 
is etjually insoiubic in alkohol. The alkaline leys dissolve 
and at the same time decompose it, ammonia being evolv- 
ed. The acids erode and dissolve iti Nitric acid renders 
it yellow, disengages nitrogen gas, forms prussic acid,and^ 
according to Berthollet, oxalic acid, with a portion of fatty 
matter. This action was more particularly examined by 
Welter f ; and he discovered, that, by the repeated distil- 
lation of nitric acid from silk, r'l peculiar matter, which 

lie named Bitter Principle, was formed : U is of a gold-’ 
* . . * 

en yellow colour, soluble in water and in alkohol, capa- 
ble of crystallizing on cooling, inflanmi^ble, and havipg a 
very bitter taste, and which appears to be the same sub- 
stance as the yellow bittef acW more lately described by 
Vauquelin, and already noticed, as formed by^ the action 
of nitric acid on the muscular Ubee*' 

S' 

Silk is decomposed by heat, and afibrds the usual pro* 
ducts of animal matter. The pi;:oportion of caibonate of 
ammonia is very large. , • 

* 

^ * Nicholson’s Journal, 4?to, vol-d. p. 32. 

s 

t Aunales de Chirrtie, tom. xxix* jfe’-BOl. 
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" The siHc-worn] forms an acid liquor, which was imper- 
fectly examined by Chaussier. On the supposition that, 
it was a particular acid, it received in the new nomencla- 
ture the name of Bombic Acid ; but there is much reason 
to suppose, that it and other acids formed by insects, 
as that by the ant, which has been named Formic Acid, 
sure acetic acid sli^tly disguised. 


SECT. XilL 

BONE AND SHELL. 

The, substances to be described under this section are 
distinguished by the large quantity of cartliy mattef which 
enters into their composkion, and communicates to them 
solidity, hardness, and other characters ; phosphate of lime 
being predominant in bone, carbonate of lime in shell, 
each fre^t^ntly contains portions of both these 
earthy salts, and sometimes phosphate of magnesia. 

Bone; ifhich composes ^he^mOst solid a'>tJ hard part oi 
the ankhal fraOic, giving figure to th? whole, and serving 
as the supplwt of motioit, and the covering with which 
many of the organs are protected, presents some varieties ^ 
of structure, aW stilt greyer diversities of form In gc- 
nei^kl, tbe bone^Jappe^t to be composed of lamina in nvre 
less perflb'^hesiQm Flat bones are dense tow irds 

wWe, . iT\ the middle or inner par/, the iumi- # 
s^arate, the texture Jte spongy. In the long cy- 



luiclrical bones, the external surface is lil^cwise dense ; but 
^ ^wards the inner part the density is diminished, a spon- 
gy or cavernous structure is apparent, and there is a car- 
iiy, ill which a matter of a fatty nature, the mar?ow, is 
contained ; and a portion of this appears even to be difFus- 
cd .through the more dense part of the bone. Externally, 
i}ic‘ bones ar^acovered by a membrai3sg» the Periosteum, 
and they are penetrated by blood-vessels, absorbents, and 
nerves. 

Bone admits of a very simple analysis, by which its iih- 
medi.'to principles arc discovered. ’When boiled in water, 
• the decoction is found to contain a considerable portion 
\ of gelatiii; and, if the boiling has-been long continued, 
’ even concretes into a jelly on cooling. If the bones 
previously rasped, the quantity of gelatin obtained is much 
larger ; and in this way, as Proust has shewn, bones may 
be economically used to prepare a nutritious article of 

If a piece of bone be digested in dilute muriatic or ni- 
tric acid, the gelaiin a:ui i:ie earthy matter are dissolved, 
and there remains rit length a firm carylaginous substance, 
presenting jhe figure of the bone, By this expciimeht, 
then, cartilage -is proved bt*a constituent qjf^l^one. 

If bones be calcined in an^open fire, the animal matter 
they contain is decomposed and burnt out \ they sgon lose 
tlieir charred appearance, and are at length converted ipto 

white eartliy-liko stfcstance, still rotiiinh’g figure 

and even iIiq^ structure of the bone. This is what the 

cliMr.ists formerly considered as the earth bones, and 
* 

^ — ^ 

^ V * 

^ Nit’Uolsoii^s Jourxal, v<>l, 100. 
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of the nsttiire of .which they were ignorant. Gahn and 
« Scheele discovered it to be phosphate of lime. It is hhe^ 
wise separated during the decoction of bone in water, 
especiSlly when the boiling hks been performed under an 
increased pressure^ by which the temperature is more ele- 
vated^ the cartilage softened, and the gelatin completely 
dUl^Ived ; and c^^al^o be dissolved by tlm action of an 
acid on bone. 

During the boiling of bones in water, a portion of fatty 
matter separates, and collects on the surface. It is un- 
certain, however,Jhow far it may be derived from the 
marrow mechanically diffused through the bone, and cau 
perhaps scarcely be epusidered as essential the bony 
matter. 

By these ^a;periment8, then, bone is proved to consisti 
independent of this unctuous matter, of gelatin^, cartilage, 

' and phosphate of lime. Some other principles appear even 
to he' eptitained in smalies quantity. Carbonate and sul- 
phate of lime ate found in burnt bones; a little carbonate 
exists in the recent bone<; but the greater part of it found 

well as the sulphate, appear to be 
l^ductS'^f combustion, while the phosphate of Hmc 
h essential ingredl^t. In the bones of tlie. 

inferior a|dmal^ phosphafe„^f magncs'^ has been disco- 
vered by Fb^tcroy arfd Vauquelin, while they could dis- 
‘ cover no trsce ^ it in human bodies ; a singularity which, 
they obsctvf,, probably cpnwedled with the fact, that 
phosphate of' m";^nesia ist (obtained the pine of man, 

* but not m diat:of odicr ‘animals; that, therefore, this 
earth is dis^tj^ from the Human system by .this excr*!- 
tton> instep dl^mng' deposited in She bones. 
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The proportions of these principles must ditFer in bones 
diflFprent states : in the bones of young animalsi the ge-« 
latin and cartilage are in larger proportion than in more 
advanced age. The quantity of gelatin extracted by boil- 
ing in water is from 25 to 50 from 100 parts, and the re- 
m^linder is principally phosphate of lime. Tlie phosphate 
of magnesia is always in Very small (pantity, not exceed- 
ing two in 100 parts. Ox-bone, according to an analy- 
sis^ given by Fourcroy and Vauquelin, consists of gelatin 
51, phosphate of lime 37.7, carbonate of lime‘10, phosi- 
phate of magnesia 1.3 Fish bon^Si according to Mr 
Hatchet, contain more cartilaginous matter relative to the 
i phospha^ of lime than the bones'bf quadrupeds. 

\ The following table has been^given by Merat-Gulllofi 
of the composition of the bones of different animals, 
and some similar substances, the proportions being refer- 
red to 100 parts f . 


^ Nicholson’u Jgurnal, vol. viii. p. 87. 
f Annales dc Chimie, tom, xxxiv. p, 71. 



T jPropoition ProportS&n | 

Proportion i £ phosphate of Carbonate' Loss. 
^GeUt^ of Lime. of Lime. , ^ 
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Prom the composition of bones may be better under- 
stood the changes they suffer from heat, or from the opet* , 
ation of re-ageots. 

Wlien exposed to heat in close vessels, a very large 
quantity of carbonate of ammonia, with a portion of foe- 
tid oil, are obtained from the decomposition of 
tin j and this process is even follow^j^ on al&rge scale, to 
procure the ammonia. The water which distils over,'Cpn- 
tains also, according to Fourcroy, a little prussic and s^l>- 
acic acids saturated with ammonia, and carbpnlc acid : 
carburetted’and sulphuretted hydro^^ gases are disen- 
gaged during the distillation. When heated in an open 
fire, the oil they contain is melted, appears on their sur- 
^face, and is converted into vappur, which burns with a 
foetid odour 5. the products of the decomposition of the 
gplatin and cartilage being at the same tinj® disengaged. 
The bone retains still its figure 5 is charred ; but by con- 
tinuing the application of heat,^with a free current of kir^ 
it may be* burnt perfectly white, (mt there remains mrrely ^ 
the earthy salts of the bone. :Thi^, forms a porous, mass, 
which cannot be vitrified but by a intense hOat^j . ' 

The analysis of burnt bones is efiecced by the agency 
of the acids. When th^Ucid^is adfded td the humt bone 
in powder, a lively ^fFervesc|nce is exci^, the dis-; 
engagement of the carbonic acid of the carbamate of lixne i ^ 
the gas has, at the same time, a pungent smell, which 
been ascribed to, the presence pf prpssic acid, ^.sulphiiric 
;acid has been employed in the decom^sition, a large 
quantity of Sulphate of lime is formed, an«|^ sv^er-phos- 
phate of lime is produced, soluble in waterffed therefore 
off by washing, — ap process whi^>. ;^ ha? been aU 

;yy2’ --V 
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ready remarked, i? folJowed to procure that acld^for the 
•ff^eparationof phosphorus. If, instead of sulphuric, nitri^ 
acid be employed in the analysis, the coi^i^uent parts of 
die burnt bone are better discoYered. It is entirciv dis- 

V > . ^ 

solved ; the car^iiic acid pf the carbonate cf lime con- 
the burnt bone is disengaged during the sol-u- 
tioni and raqij^ be o^lected : the phosphate of lime, ac- 
cording to the mode pf analysis fsr t employed by Scheelo, 
may be at least partially decomposed by sulphuric acid, 
^Iphate of Ume being preisipitated, and ^osphoric acid 
remaining with tlit^/tric acid and part of the lime. Ac- 
cording to a m<m exact method, the phospliate pf lime 
may be precipitated by addition of pure ammonia : by 
adding to the residual liquor nitrate ^ barytes, sulphuric j 
a^d is detected l and from the quantity df precipitate, the 
prbpo^tioh of ^plphate of lime, from the decoitipositibn of 
yhich k.had originated^ may be inferred : aadvto discover 
thdWimtity of lime which had been combined with the 

V • iVi;’ ' . , 

^.C^l«jincAcid^di8i(tajg^e4 during the solution, Mr Hatchet 

ai>d obtained a precipitate 
metfa^ not altogctheir unexccp> 
precipitate;, toight in paft at least arise 
ii|;ta5^||p^ce'tof ^ o^ra^l^' of a complex . affinity 
sjyKi||l of Urbe tn^oflwibn \ oxt where this had 
|ieeB decompitmi.hy a.’nrejBOU* addition^iof nitrate of ba- 
’^^^gsesj'fjpom'tbe i^ate of^lttw ^{ch.Jntust thus have re- 
aaiaiTud..iy^,iydr, prodii^d, however, 

' Mr ^jttc|j|^ tiythe quanti' 

ITj^qf salj^^|^<|iij;,^^^G«ited by the precipitation by ba* 


rytes^'^U^IppTe'iiMuraMd ; and benre, as well as from 


>he dij 


(; bf eprhonie acid during the soluf*/- 
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the existence of carbonate of lime in the btirnt bone is 
demonstrated. The phosphate of magnesb) which Fouifc • 
croy and Vaui|uelin discovered in the burnt bones of the 
inferior animals, was detected by precipitating the liquor 
obtained by washing the Qii^ture of burnt bones and sul- 
phuric dcid, whicli had stood for some daysi by amnl^ia, 
adding the ammonia in excess. Th#:' precipitate consists 
of phosphate or lime and pliosphate of magnesia and am- 
monia : to separate these, it Was boiled ii¥ a solution of 
poiassa, which dlsengag:‘s tbe"\pttmonia, and attracts the 
acid of the magnesiun-ammoniacal plj)psphatc, leaving the 
magnesia mixed with the phosphate of lime. These are 
separated by boiling them in acetous acid, which dissolves 
the former, leaving the latter lintli^solved : from the solu- 
tion of acetate of magnesia, the magnesia may be pr^- 
pitared by carbonate of soda ; and the carbonate -tw mag** 
nesia, if freSe from lime, wiH form a transparent solution 
with sulphuric acid , v * 

The sulphate and cajbonale of lime, indicated by tilery; 
analysis in calcined bone, or at lAst the greater 'part of 
them,'"mstyi as'has been aire^u^y reida^^rked, be products ^f 
the calcibatioh, ^d not constitueiJt pafts:of ih.e bone.' In . 
tlie bony matter, there pJbbalSly c^ts nioxi limelhan the 
phosphoric acid can saturate*: carbonic and sulphuric acids 
will be formed during the calcUtation of tKe bone, 
the decomposition^ of the animal maker, of which mfe' 
bases of these acids Oleraehls 5 and tlieracid^ th|ti% 
formed will he attracted'^by the e^eCss' of lithe. ‘A por- 
tion of carbonate of lime is indeed '"thd^gted ^iri rec(itrt 


Nicholson^s Journal, vdl.' viii; 
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JboT’.e by Wfr Hatchet’s experiments, a slight effervescence 
* attcTiding its solution in aiv acid ; but the quantity ap. 
pears to be inconsiderable, and by M^tatrGuiUot it 
statc'd, in the bones of land animals, to amount to not 
more than 1.5 in. 100 parts,f., ' 

entire quantity of lime and of phosphoric acid 
contained in bonesii^^ay probably be best determined by 
the riit^hod pointed out byTourcn^y arid v liiquelin, — pre- 
cipit-ation,W Ihe lime by’btalic acid from the solution of 
the calcined bone in dil^fed nitric acid. Tlie liquid may 
be evaporated, and ify a strong hear the nitric acid expelled, 
leuv ng the coniSrete phosphoric acid ; or the phosphoric 
acid may be precipitated by acetate of lead. 

The acids, as has already been remarked, act on recent/ 
bone, dissolve its earthy matrer and it$ gelatin, leaving the 
dartflji|^iious part undissolved ; and' from this solution 
ph|^pliatp of lime may be precipitated by ^ alkiiK,— a 
prbdf of'its previous efxiseerice' in th# bone. 

I ; ..T!ie alkalU have scarcely any |ffect on the earthy mat- 
ter of Aones; but they d:iSSd1lve their gelalrinous and oily 

"Wer; ^ 

tn' ‘ ' • \ 

/’ ’^Ke Earthy stoWance of bflmeSi'it h^l^n already fe- 
n^tked. has k itroin^ttractioi^ko some varieties of co* 
louring matter jVand hence rite bones* of living animal 
, be tinged by such colouring substances mixed with 
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'/ ate nol%uc& liab^’'"m spontai^ decomposi- 

'ririnj even iW little 

'<^ange, for a ferj^ld^g period ; the re-action of its elem- 


i.tfiS’ni 


f m 



^nts, as well as the action of air and I^umldlty, being in 
y a great measure prevented by the solidity communicate^ 
by the jphosphate.^of lime. 

Fossil bones, or those which have been> long buried in 
the earth, and have in consequence undergone some 
changes, particularly from the infiltration of carbon^l^ of 
lime, were examined by Mr Hatchet. The animal mat- 
ter appeared to^bave been completely removed ; and the 
phosphate of lime remained intermixed wi^ the carbon- 
ate of lime which had been introduced ; the latter sub- 
stance, by its chemical agency,' probably having contri- 
buted to the decomposition of the animaj. matter. 

The body of the teeth of aniipals is evidently bone^ 

. and accordingly, it has been found to present the same 
chemical results. It dissolves, Mr Hatchet remarks, with 
a feeble effervescence in dilute nitric acid, leavihg its car- 
tilaginous basis retaining even the shape of the tooth. But 
the external covering or is somewhat different* 

Mr Hunter remarked, that whein 4 |^mcrsed in an acid, it 
left 09 cartilagmous part, — an observation confiroied by"^' 
Mr Hatchet, who likewise found, that when exposed to 
heat, it emitted little or no.smofce or empyteumatic odour* ; 
losse, iii bis examinatxoirof the te||h, obtained the same 
results, and, when boiled in water, the decoction gave 
so slight a pretipiute with tannin, as scarcely to indicate* 
the presence of gelatin j neither was it , at all softened 
boiling in water under iqjc^eased pressujre ,, it appear^ 
-thereforeL, to be nearly dest^tutp of matter.^ dis- ; 

tiolves readily in’ acids, with a slight iOp^^vescence, as Dr 

^ ]\ijhjol«on*s Joirrnal, 8x0, ^ 

y. y 4 * 
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B!ake Tem^ked,.and Jo^se lias confirmed^ mA appears, 
llierefore to consist of phoaphatei with an intermitiure of 
carjbonate of lime- 

The presence of fluoric acid combined with lime in the 
enamel of teeth w,^$ announced by Morichini, an Italian 
chemist* He first observed it in tlie enamel or outer lay- 
er of 4he fossil teeth of the elephant, which he found to 
be composed almost entirely of fluate oEliiSier while the 
body of the teeth was, composed of phos^pbate. • And on 
^tefwards sobmitHng tfae^enanpicl of human teeth to the 
same trials, he found, &at it too contained a large pro- 
portion of fiua^Cj;,, vapours of fluoric acid being e3£haK\> 
when the enamel was acted on by sulph^Hc acid. G.iy 
Imssac so far confirmed this discovery^ as to prove th ; . 
existence .of fluate of lime in ivory, copious vapours of 
fl^ttoric ji^ being exhaled ftom it when concentrated 
'sulphuric Was poured ^on it And with this. the 
in«^ recent experin^ents^of Fourerpy and Vauquelin a- 
gree >(^i The,se che,ip^s have beep unable, however, to 
discover the fluoxic a^id in the enamel ^ ^nd Ms Brande 
jjljkevg^se foupd, that tbU substance is. subjected to 
of snlphuf^^ acid aided by heat, no, vapours but 
tbfte of sulphurous |||- sul^ur^t? acid are exhaled 



The ShelItS with which the bqdles cS many marine, 
also a numJ^r of land animak are covered, are ob- 
Yiously an^Qgoj^ in their tire to" bone. ] 

l%ito)| 0 ^i^!'Magazine, vol. xxiii. p. 2G1. 

E^f g65. 

'•4:l|^oW|i^;Jiwniab vol xiih p* 2H'. 



’ therefore interesting to determine^ how far shell is similar^^ 
^ bon^in its chemical composition, 'Fhe genetal difier-^ ,. 

^ ence heween them was ki>own $ for, while phosphate of ' 
lime is the basis of the one, it was known, that ca^onate 
• of lime exists in much larger quantity in the other. Mi • 
Hatchet undertook the examination of this subject, art|di 
as the resjilt of it, established, thaj .^hell and hone, in their 
dilT iV'ijt varieties, constitute as it were two genera, in 
both, ot which diiimal matter is contained, but in the one 
this Is indurated by phosphate, ip- the other by carbonate 
of lime \ and these are connected by a certain o/fter of 
sub*>taoce8,— the crusraceous coverings of oertaio marine 
animals, and likewise some of the species of zoophytes, 

VA which, with the animal matter, are intermixed variable 
proportions both of carbonate and phosphaitq of lime. 

In Mr Hatchett experiments, the slicll submitted to ex- 
amination was immersed in acetous acid, of nitric acid di- 
luted with four, five, Of six part# of water. The carboh- 
ate of lime was ptecipitstod by the carbonate of ammo- - 
nia or petassa ; arid phosphate of lime (if present) was 
previously precipitated by piyre^ ammonia; If any other ‘ 
phosphate, as that of soda; was suspected, it was disco- 
vered by acetate of lead. ^ 

The greater number of murine shells, he observes, are 
of two descriptions, either of a porcellaneous aspect, with 
enamelled surface and fibrous texture, or they aiexom^t^^ 
posed of the substance edied Nacre or Mother of Pear!, ' 
The. first kind^ dissolved in the acids with strong efferVes- 
and tiielr solutions airouled -tyace whatever of 
. phosphate of lime, or of any ether , qoTnbinatioq, of phos- . 
p^h^acid.' Thc-y conlaftied only^tifb'eni^e'of lime; 



SHELL. 


714 

and the animal matter which acts as a cement to this, and 
which Mr Hatchet considers as albumen in varigy^ statci^ 
of induration, is in small proportion ^ hence, when the 
shells are exposed to heat, they exhale little empyreuma- 
tic animal odour ; they emit no smoke : and when dis- 
solved in acids, little or no vestige of it can be discove- 
red by any flocculent or gelatinous residuum. 

la shells of the other description apprt^aching to nacre, 
the earthy matter is also carbonate of lime, but, is present 
in much smaller proportion, while the animal matter is in 
targe quantity. Hence these shells give much smoke, 
and a strong empyreumatic odour, when exposed to heat , 
and wlien acted on by acids, give out less carbonic acid, 
and leave a large quantity of a membranaceous or cartila- 
ginous residuum, retaining often the figure of the shell. 
This substance often constitutes a large part of the shell, 
as in that of the oyster or muscle, and is so much indura- 
ted as to be no longer galatinous ; and in all the shells of 
tliis division, it appears to be dejK}sited in layers, each ha- 
ving a corresponding co^t of carbonate of lime. Mother 
of pearl itself, and lil^ewise pearls, were found to be of 
similar strucAune and composition. Their waved appeat- 
auce and their iridetcened*, are'evidently the effects of tins 
lamellated arrangement, and of the nebulous semi- trans- 
parency of the substances composing it. 

An extensive class of substances,— the xoophytes, coiu-^ 
prchending the Varieties of madrepore, millepore, tubiporc, 
were fouitd to cmtkt likewise of carbonate of lime with 
lAnimal membrane* , 

* Mr Hatchet ^ound, that the substance analogous 
shell, coyexv cntdtslceous marine animals, 
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echini, crab, lobster, &c. is of different composition* It 
^^atd iriHeed the same cementing animal matter, but with 
this were united botli caibonate and phosphate of lime, 
forming therefore a fubstance intermediate between bone 
shell. The shells of the eggs of birds were of simi- 
lar composition ; and even some of the zoophytes, as va- 
rious species of isis, gorgonia, &c. gave inoicatlons of 
pljosphueof lime bong intermixed with the carbonate 
winch they were principally composed. - 


SUT. XIV. 

iAT. SPIRMACETI. SEBACiC ACID. 

Fat appears to be a pecu1ia»i secreted matter, as no 
(races of it can be discovered in the blood. As it exist'- 
in the an mal body, it is nearly fluid, and is retained in 
distinct minute cells : after death it is found more or less 
solid, and its solidity varies in difllrent animals. To pro- 
cure It free from the animtU flufds and celluUr fibre mix- 
ed with it, and suffisicntly pure for chemical or pharma- 
ceutical purposes, it is cut and washed in water, is then 
^melted with a very gentle heat, a little water being added, 
to prevent it from being scorched. Fat prepared in this 
manner, i^ naqpcd Axunge or Lard when soft, W'hen of a 
firmer consistence it forms Tallow, and Irom some ani- 
mals, as frevn the whale, and other marine animals, it is 
perfectly fluid, forming animal oil. 
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Animal fat has properties nearly the sam^ as those of 
vegetable expressed oil. It'is insipid and kiodorcJiis, 
soluble in Water and in atkohol, and is capable of being, 
combined with the alkali^ so as to form soap. It is in- 
flammable, and cannot be ^volatilized unchanged. 

"yJE'dti when eiposed to a warm atmosphere, is liable to 
hecditne^ ra^md, more^so than the vegetabfe oils. This 
rancidity appears to hi owing to an aWSirptiort of oxygen, 
and a Oonseig^ent formation of an acid, either from the 
oxygenizement of the fat Itself, of of the gelatinous mat- 
ter mixed with itv^ This acid may be abstracted by wash- 
ing with water or alkohol, when the sweetness of the fat 
is in some measore restored, while the water acquires the 
power of reddening the vegetable colours. 

Fat melts from a very moderate heat ; lard becomes 
fluid at 92®, tallow and the firmer fats require a heat 
‘ somewhat higher. By ieontinuing/'^he heat or rzdsing it 
above the melting pointji^it suffers decomposition, pungeht 
vapours arise froiW^ } and whed it is allowed to cool, it 
is found acrid and of a ydlow colour. . 

A similar de^oiti position is effected/by distilling fat in 
close vessels^^ an acid- liquor passes over, with an empy- 
.i^matic oily matted,' partly trq^iid and partly in a concrete 
' stanl ‘5 a -quantity of elastic fluid, consisting of Carburet- 
ted hydrogen and carbonic acid, is" diifengdged, and the 
residuum is mtjced With charcoal : and by repeating the^ 
distillation of the oily matter, a new formation of these 
products takes placed uriiil the whole is decomposed. The 
acid produced itt thts distillation',' named the Scbacic, has 
Seen considered as a p^Uliar one, the properties of whidi..^ 
are to be immediately stated. * ‘ 



I*AT. 


From the pri^ucts of this decomposition, fat, like ex- 
appears to be a compound of carbpn, hydros 
geUf'^hd oxygen. - Ammonia is also mingled with the 
products in small quantity, derived from nitrogen either 


fisting in the composition of the fat, or derived from the 
amh>al matter mixed with It. * 


Fat ishi^||ly inflamnjiable, and in burning "gives much 
light ; hencje its cpivimon use for tSjs purpose ; it is pro-, 
bable, that by the high tcmperatarc^jii the wick accord- 
ing to the common method of burning it, it is decompo- 
sed. and converted principally into a gas of the nature o£ 
olefiant gas, as has been already explained under the his- 
tory of vegetable expressed oil, from the combustion of 
which tlie light originates. The products of this com- 
bustion, are water and carbonic acid./ 


Fat is acted on by the acids, and the result is different 


according to the aci4 the action of wdiich the fat is 
subjected, and the manner, in wl^ch it is applied. If ni- 
tric acid be added in small quantity^ it is supposed to be 
entirely decomposed, its oxyg^ abstracted by theiat,and 

what has been named by the Fr^ch chemists. Qxygenat- 

a • 

ed Fat formed. The process iliey have; given, and which 
has been received’ into th^ Fh^irmacppccia, is to add tQ 
melted lard one-sixteenth of nitric acid, stirrmg them 
thoroughly, aid keeping the mixture fluid for some time. 
Nitric oxide and nitrogen gases are ^voly^d, and the lard 
Tiecomes granular and of^ a hrmer consistence.* If wash- 
ed with water, any remaining nitric acid is removed. By 
chstilling nitric acid repeatedly from fat, Gren obtained 
acetic and oxalic acids. Sulphuric acid, even in very 
^ sn-jsU jjlpantity, chars fat, rendering it brAjwm or black. 
viatic acid exerts no action upoTi 
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Fat combinr,s with the alkalis, forming saponaceou.^ 
compounds. . m 0 ^^ 

Fat, like the expressed oils, is capable of combining 
with sulphur and with phosphorus, when their mutual ac- 
tion is aided by a moderate heat. It unites too with^ 
ztumber of the metallic ox^ics, and foims with them com- 
pounds more firm than the fat ttscll. From its facility 
of oxidizcment it can even be made to 01) the metals. 
Thus, if copper be covered with grease, and left exposed 
to the air, its surface soon becomes quite green ; and 
quicksilver triturated with lard, forms an ointment of a 
blue colour, which becomes deeper oirkt.epirig, and fiom 
which at length scarcely any of the quicks -ver can be ob- 
tained in its metallic form. In such c iscs sebacic acid if 
probably formed by the oxygenizernent of tiie fat, and 
acts on the metah 
** # 

The acid which is feymed from tljc decomposition of 
fat by heat, it was observed by Bergman* nsemoU !. in 
the saline combinations it formed, the acetic ; and Gren 
considered it as precisely the same with that acid. Still, 
however, it presented some differences ; it continued lo 
be regarded as a peculiar acki^ and in the modern nomen- 
clature was named the Sebacic. Various processes were 
given for preparing it, of which one long ago proposed by 
Guyton affords it most eas.ly, and has been generally 
followed. Fat is melted in an iron pot over a naked fire,* 
quicklime in powder is, added to it, stining it continual- 
ly, and increasing the heat. When the mixture has coqI- 
ed, on boiling it in water, a brown acrid salt ii> obtained 
by evaporation of jtbe solution, which was consi^rud^ a'l 
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the sebate of lime. 5 by exposing it to h^at in a crucible 
tlig^mnainir^g oily matter, to which the colour ia owing, 
'is delfomposed, and the salt is obtained pure and white, 
by solution and crystallization. If sulphuric acid be 
podrcd on it, the sebacic acid is disengaged, and being vo~ 
latife, may be obtained by distillation* Tlie acid is form- 
ed in this process, by the decomposition of the fat by the 
high tefnperiture, and is prevented from being dissipated 
by its combination with the lime* As obt^ned by distil- 
lation, it is a liquid having an acrid suffocating odour, ex- 
haling a white vapour when in a concentrated state, and 
in this state having somewhat of an oily appearance. It 
reddens the vegetable colours, is very volatile, and, when 
transmitted through an ignited tube, is resolved into wa- 
ter, carbonic acid, ctirburetted hydrogen, and charcoal. 
Its salts are in general soluble and crystallizable. 

This acid has, however, been more lately examined by 
Thenard * ; and, according to thg result of his researches, 
it is merely the acetic acid, the pungency of its odour be- 
ing probably derived from a little sulphurous acid. Ac- 
cording to this chemist, there however, a real sebacic 
acid, which had not been before observied, and which is 
possessed of very diiFerentf properties. It is obtained by 
distilling lard, and treating the product with hot water : 
to the liquor thus procured acetate of lead is added : a 
flaky precipitate is formed, which is:^col)ected, dried, and 
*heated in a retort with sulphuric acid. The liquid con- 
densed in the receiver in this operation had' no acidity \ 
bur there floated on the matter in the retort a substance 

^ Nicholson’s Journal, 6vo, vol. i. p. 
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like fAt» which \vas separated » v^ashed^ a»d bpUed with 
water. The wa;er entirely dissolved it ; anc^ by re^ntr^jf- 
ation, crystalline needles were deposited, acid, and^'pos-’ 
sessed of peculiar properties. They were also procured, 
merely by treating distilletd fat with water, filtrating 3nd 
evapbraring the liquor. * 

This acid, which Thenard regar4s as the Sebacic, is, ac-' 
cording to the enumetaiiori., which he of its pro- 

perties, without smel^: its taste is slightly acid it melts 
like a kind of fat, reddens tincture of turnsole, and is 
nauch nipre soluble at a high than at a low temperature : 
bpiling, water saturated with it even becomes concr ete by 
refrigeration : alkohol dissolves a large quantity of it : it 
erystallfzes in small needle^, or, by proper precautions, 
mayibe obtained in the . form of large lamellve of a bril- 
' liant appearance. It precipitates acetate and nitrate of 
mercury ^nd of lead, arwjs. nitrate ji^^^jj^ilver : it neutrulizea 
the alkalis, and forms wjth soluble salts ; that with 
potassa does not attr^ ipoisture from the atmosphere : 
it has little taste, andi$ de^nipo$ied by sulphuric, nitric, 
or muriatic add* v; It does hot j’ender turbid the solutions 
qf li^cfi Tbes^ properties are pe- 

, nud are considered by^Thciiard as sufficient to disf. 

ting^ish this aicid from every other, ^cetic acid hi always 
farmed along ,yrith it, ^^d may be obtained by satur iting 
the prodm^ of ^stilled fat with potassa, and decom- 
posing it by sulphuric s^cidyjfply^ng heat to volatilize the 
acetic., Tlugfi^strbiig pungent smell of distilled far, he 
observes, d.oes not depend on, any acid, since the colour 
of litmus is not changed when exposed to the vapour j 
but depends probaUy on a portion of the fat voiaJihzed, 
and partially changed. 



• f 

S^BRUAtEm diflm ^ soRie cff its qualitiM frdot fitt. 
{t<^{otftul ia the head of a spedes of bhal^ the Phy- 
, setef macrocephalus, in an unctubtls iMass^ from ^hkh 
a qnanti^ of oil is obtained by eaprilsSion. There te« 
• mains * flaky substance, '>»rhich is purified by fneltmg, 
vraslun^ with water, and widi a wesft alkaline' solution’. 
This is spermaceti. It also exists in the oils of other spe^ 
cies of whal«i tfkd is ofte^ splmt^n^usly deposited. 

Spermaceti is in massee- of a daky cryst^ltiue texture* 
soft, but brittle, white and biflliant, ‘but sometimes having 
a yellow tinge from long exposure to tl» aSt. ?ft is less 
fusible than fat (- its melting point, actotding to Bbstocic 
and Irvine, being 1 IS®. By raising the heat sufficiently, 
it may be volatilized, and passes over by distillation with 
little alteration. By subjecting it to this, however, re- 
peatedly, it is decomposed, A quantity of acid is farmed, 
and a liquid oil foi|{^. Spermaceti is inflammalfie, 
and burns vnth a clei|||Sefiite Same. 

‘A property in whilh it eimaintly differ^ from fat and 
expressed oil, is its sc^i^fity in alkohol and in ether. 
In alkohol it is dissolved'^ sparingly t 15Q:thnes its weight 
of boiling alkohd being requisite, acctdiffing ib Dyl^s*. 
tock's expenments, to disfblve ft, add’ the whole jjired-' 
pitatiog 88 the finid fools. 'Warm ether dissolteSs it ra^' 
pilly*, and by ctiolmg it is precipitated so. abundan^,' 
as in appearance to convert the ‘Wb^'iiitO a scdid cryis^" 
tallized mass It is sdm' tfissohred udtibi- facility by oil pf 
turpentine giti^fy heated, and is depdsifitd W'ft cools. 

The alkalis act on sperm.aceti, And form .saponaceous 

^ • * Nicholson’s Journal, vbl. it. * 
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coi|BjK)und8j les^ perfect ioweve|» uM les| soluble in wet/ • 
,tdr| ^han the soap froqi fat. A solution of pure pot^^sa 
'dissolves the compound is soluble in warm Vater.* 
.^mmonia does nc^ actonit.when cold, but when, boiling 
unites with it readily, and forms an emulsion, not -decom- 
posed by cooling or by the .addition of water, but instant- 
ly decomposed by an acid *. 

The acids hive little effect it : concantiated ‘sulphu- 
ric acid dissolves it,,,. md changes its colour; and water 
precipitates it from this solution. 

In its properties this substance evidently bears a 
strong resemblance to the matter which principally com- 
poses biliary calculi, and to. that, which is formed by the 
^low, decomposition, of musoilar fibre,— a matter which 
Fourcroy has distip,guished by,;the name of Adipocire, 

being intermediate between fat and wax. ^ 


SUCT. xVll. 

CERESKAX. I^LP. 

, TUte soft iiv^^^jwhic^ con5tituHi?!i the substance ol 
and^neiir^is evidently different, in its physical 
from, any ot^r animal substance. It has been 
leisifBSned by iFourcroyi^with the yiew*^.&tennining its 

, in its op^iisistiS^ it i$^so£t;And pulpy: it soon sufftr^’ 
${^ntatieodu 4^ exposed to the air,, but, 

wlien Immets^ und^^ remains long without suf- 
fering much cl^nge, Dried by the heat of a water-bath, 

♦ Bostock, Nichdl^V Journal, vol. iv. p. W. 
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first coagulates, and a small quantity of \rater sely^^tates 
it* When dried and urged with a strorfg fire, it 
exhales ammonia, swells, beconics black, melts and dif- 
fuses acrid fumes : it then inflames if the air is admitted; 
and sulphurous acid is formed from its combustitin. 
When decomposed in close vessels, the products are oil, 
carbonate of ammonia, carbuvetted .and sulphuretted hy- 
drogen, and carbonic acid gases, with some traces of phos- 
phates of time and soda in the residual charcoal. 

When the cerebral pulp rs diluted with w^ter, it is 
coagulated by heat, flocculi separating ; the liqUor sepa- 
rated from these gives a precipitate with lime-water, -and 
affords phosphate of soda by crystallization. Alkobol 
likewise produces coagulation ; as do the acids ; indica- 
ting, therefore, a principle analogous to albumen. Sul 
phuric acid, in coagulating, at the same time re-^act^ up- 
on it, an oily matter : being ewdJved; Nitric acid dilu- 
ted disengages nitrogen gas, ^th considerable elfcrves-p 
cence ; and phosphate ^aud oxalate of lime, and oxa- 
late of soda, are founds in the residual liquor. Muriatic 
acid equally produces coagu|^yoti ; and the ley> affords 
salts, the bases offwhich are soda, aiad Tune, iieutralized 
partly by the ttimiatic, aiffi: parfly by J^basphorit^dcids* - 
The mlkalii^ dissolve this matter. Potassa act^ Upon it 
in the cold, 'causing an evolution of ammonia : when 
is applied, the compound is sa|^onaiS&ousi ‘ 

By the action of alfeihol, not only iS the. matter ’ an^f 
logous to al,fc(pmen sepiHnted, but ^iS*k>ther"si&^ 
obtained similair to some of thc varieties of adipodte. 
The alkohol being repeatedly applied tot to tto ccr^ebr^t 
pulp ^^reviously dried, deposited each?; time on coeiing 

Z 3^ 2 
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brilliut laminae pf a yellowish white colour. This s 
stance was of an unctuous appearance, softened at., 
beat of boiling water, but did not melt. At a hi|; 
temperature it acquired a darker colour, and exhal 
dunng its fusion, an empyreumatic ammoniacal odoui 
From these results, Fourcroy concludes, that the ci 
bral pulp consists of a matter analogous to albumen, m 
oxygenized, and containing no fixed alkali, but hav 
certain phosphates in its composition. The matter of 
nerves is composed of the same substance. 


CHAP. III. 

THE DFCOMPOSITION OF ANIMAL SUBSTAN- 
TJAS, FROM thw. RV.-ArTiaM. of tufik llb. 
MENTS. 

T Hjl^Alements of which t|w greater number of animal 
sqbstaoces nre formed, having mutual energetic 
RiSnities, «n4 fhe oj^matinn of these Riffinities being fa- 
tpoffd the staMr.di( condensition in which they exist, 
these e<lbstaa«es are extremely liable to dticompOMtioii, 
Ircgn the m-aotspn of their constituent parts, in consc- 
quetice of which ‘41^11 combinatiom are formed. These 
may take {dace either at natural temperatures, or at tern- 
jp*rat«re» m«tte elweiiiqd,* and aqpordmg to either of these 
mrcnmstaoces, the kind pf decomposition, and the new 
ppmbinations that are established, are different. Jn con* 
the history of animal substances, both spe^’"® 

' ^ntaoeoiM deeompptitioo are to be considered. 
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SECT- L 

OF THE CrCOMPOSlTlON OF AHIl^AL SUBSTANCES 
AT A HIGH TBMPERAl ORE. 

When any of the animal products is exposed to heat, 
its elements generally enter into binary or ternary com- 
bination. Nitrogen and hydrogen being those which are 
usually present irt largest proportion, portions of them 
combine together, and form ammonia, which accordingly 
is always evolved. Another portion of the hydrogen en- 
ters into combination with carbib and oxygen, forming em- 
pyreuinatic oil, acid, and oxy-carbureited hydrogen gas. 
Oxygen and carbon unite together, and form carbonic acid, 
with which the ammonia combines v sulphur and 
pho«.phorus, which are generally in greater or less quan- 
tity constituents of ;piiimal matter, uniting with hydrogen, 
and probably also with certaii^ proportions of nitrogen 
and oxygen, form those gases, having a foetid odour, the 
evolution of which peculiarly marks the decomposition 
of animal matter. These pr^ucts are evolved in differ- 
ent proportions, dud under vatious modifications, accord- 
ing to the composition tUb substance decomposed. 
The residual charoiial contains usually salts, having lime, 
magnesia and soda for their ba^s, combined with phos- 
phoric, siilphuric, muriatic, and caith^nic acids, and also 
oxide of iron. 

But besides these, #fiich require no farther observa* 
tion^ a peculiar product is formed from rhe decOmpost- 
tionV^many animal substances by heat, the Prussic Acid, 
tfae chemical history of which is still to he given. It ap- 
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pcs^rs to ;a9 im^JfelkHy been^ stated (P^ge 

, fully formed in the vegeibable kingdom^ but, as obtaitkeij 
from animal sid>stances, it is always tiie;pToduCt of their 
decomposition by heat, and it iairom thia^sourciS^;that it 
is^usually^rocured for chemical purposes* 

A rich pigment had been known^for a considerable 
time under the name of Prussian Blue. It is prepared by 
drying blood, and mixing three, parts of the dried residu- 
um with two parts of the potash of cortitnerce, and cal- 
cining the mixture in a crucible by^a red heat : it is then 
boiled in successive portions of water, which arc afterwards 
mixed together^ and co|icOi|hated by evaporation. A so- 
lijtion is prepared of one p^t of sulphate of iron, and two 
parts of alum ; and to this the liquor obtained froni the 
calcined blood and alkali is added|;,«s long as any precipi- 
tate il^formed. This precipitate is of a green colour, but 
by vrtlshing it . with a little ddute acM, it becomes 

of a dark rich blue. colour*^ This forms the prussianblue 
of comnsercc. ' - > > 

- Much^tsention has been 6n the inycbtlgation 

ofttfee nature of ibis substani?^* .At an early period, af- 

ter Wo^idw^d, in had niade .public the process, 

,Ikoiite'Wd,Geoff^^ tha^otber animal substances 

besides t^pd, as ilesh, w(^h cafeined with potashy 

fum^ed a ley capable gf fontiing pmssianblue, and ascor^^; 

tiiined some othcf fa^tj^cxmoectcd with its foroi^ion. 

Macquer made discovery* with re- 

' '* *1 ' 

to ofr!il|)ff ining , th« ^olour tie*. 

i>«nd$ on ^pecaliar cotf.Mned, with ulk^i }., 

i!\.the fornu^R of (be tprus^njIO Wue, this is >ra-?s~^. 
fetsed to the ’tl^t it may be^^again abstraited 

'^oaa it by lioUing (htrljiue alkaline solution } the pro- 
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".^efrties of the alkaliate thus chantj^, and it acquires the 
pov^rof agnin forming the precipitatqof prussian blue, from 
' u solution of sulphatje of iron. He shewed likewise, that the 
reason rife precipitate is thrown down green, is that the- 
alkali is not entirely saturated with the colouring pirinciplei 
the? excess of alkali throws down, therefore, a portron of 
yellow oxide of iron from^ the sulphate, which mingling 
wItR the blue precipitate renders it green, and the muria- 
tic acid gives the deep blue colour, by dissolving, and of 
course removing this oxide. 

iScheele completed the investigation, and shewed the 
nature of. this colouring principle, by obtaining it in a se- 
parate state. Having found, that when the liquor pre- 
pared from the calcined blood and potash is exposed to 
the air, it loses, in a shmt tim^, its .power of precipitat- 
ing iron blue *, and farther, that when a quantity of this 
liquor is put into a ^essel filled with carbonic acid gas, a 
piece of paper that had been dipt in a solution of sulphate 
of iron, being attached to Cork, this paper is soon Co** 
♦vered with precipitate oxide of iron, atud when wett^ 
with muriatic acid, as$umes\a beautiful blue colour : he 
concluded, , since ucids thus appear to attrapt the alkali 
more strongly than the toloudng matter does, and singe 
this matter appear^ to be volatile,|liat it might 
ed by distillation. He therefore put a quantity of tije aU* 
kiilinc liquor impregnated with retort, w.feh an 

excess of sulphuric acid, and dlstided with agendo teat. 
The water ybich carUd over iiad^a pecjiUilt smeJl viatud 
taste, ar^produced with oxidgof iron a fine prussian 
^ _biui^j^xposed to the air for sopie "hours, it entirely 
this property, the colouring prinii^Ie te^g dissipated^ 
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Scbeele foun^ it difietilti by sint^e affinity, to transfer 
the colouring mj^ttCK from’ prossian blue } for althmi^i 

i 

the aUkalis attract it^ yet a portion of oxide of iron always 
^companies it } and hence theae compoitnds» as he re- 
Iparksi a|ie all triple 8alts» consisting of alkali^ a little iron^ 
and the colouring matter. With that skill, however, 
which eminently marked all his investigations, he disco- 
vered a process by which this may be effected, and which 
still affords us the best method of obtaining this principle 
in an insulated state. Two ounces of prussian blue, and 
one ounce of the red oxide of quicksilver prepared by ni- 
tric acid, are put into a flask, with six ounces of water, 
and boiled for* some mimiltes, with constant agitation. It 
is then poured on a filtre, and the matter which remains 
on the paper, lixiviated wi^h twopunces more of hot wa- 
ter. The liqmd which has passed through, is a combina- 
tion of the colouring matter with oxide of quicksilver, 
without any oxide of iro^. This he found could not be 
decomposed, either by acid%.i;dLaJis, or lime $ and the co- 
louring matter could be separated^ only, by reducing the 
ittj|prcurial oalde to tlie m'eta|Iic state. To effect this, the 
filtered from the above quaq^ities of materials, 

is pamed on ^ ounce and^ahalfvof iron-filings free from 
just, tq^which are addq^ three drachm^ of sulphuric acid. 
The Q^e of quicksilver is reduced to the metallic state. 
The clear liquor,, action has ceased, is poured off 

and distilled. When the foprth part has come over, the 
whole of the cpl^kuring matter ie obtained, as it is more 
INalatile than water, and, rises first. There is a'S'^ht con- 
tamination of sulphuric acid, which may be remot^^by 
distilling a second tiifie from a little chalk 


^ Sdheett*s Chemied Sways, p. SI 9. 
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Doubts have been entertain^^ whether this principle 
canr be repfarded iis an acid. Its l^ste, Scheelc remarked, 
is not sour, but rather approaching to sweet, nor does it 
redden paper tinged’ with litmus. It has scarcely even 
the naost important acid character, the power of neutralize 
ing the alkalis and earths, and of forming with them 
crystallizable salts; or at least it acquires this power, as 
BerthoHet has remarked^ only when a metallic oxide en- 
ters at the same time into the combination. It has only 
the remaining equivocal acid characters, of being soluble 
in water, decomposing soap, and precipitating alkaline 
hydro-sulphuTcts ; and, as the same chemist has observed* 
the name of acid can be given to it, rather from the pro- 
perties it displays in its ternary combinations, than from 
those it has in its insulated .st^e. 

Prussic acid, under the form of its watery solution, has 
a strong odour, resembling that of the peach blossom. 
Its taste is sweetish and pungent* when pure it is colour- 
less* In its action on the living system, it is highly nar- 
cotic, as has been already stated. 

The volatility of this acid js^such, that it easily escapi^ 
fronuits watery solution % and according, to 9ucholz, it 
is always partially decoiflposecf by water. Like the 

ther substances of animal origin, dt is decomposed at a high 
tcmiperature ; though much less readily, as is evident from 
the fact, that it is formed only at tile temperature of ig- 
nition. Tliis may be considered even as giving to it a 
peculiar charjicter. ^ ^ 

I^ussbi^cid combines with the: alkalis and earths ; but 
J&hty to them is inconsiderable, and hence the consti- 
tution of these compounds is easily subverted, water even 
producing their decomposition, especially wiien heated. 
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'i’iicy are denorniimted Priissiates, and arc best obtained in 
r u state of purity, by combining the acid, obtained by tGe 
prrocessof Scheclc, withthc cliiTorent bases. 'Flicy have been 
little examined ; a few observations only having be^i^n made 
with regard to them by this chemist • With the fixed 
alkalis, he remarks, prussic acid forms a compound, which 
though it contain an excess of the colouring matter, still 
i\^8tores the blue colour cf paper reddened by an acid. 
V^y distillation, pari of the prussic acid ivS separated from 
it, and it is decomposed by all the acids, even by the car- 
bonic. With ammonia a salt is formed, which has still 
the ammoniacal odour, even when the colouring principle 
is in excess 5 this salt rises by distillation, nothing but 
pure w-ater remaining in the retort.' The aqueous prus- 
sic acid dissolves but a small quantity of barytes ; with 
lime it presents nearly the same results as with the alka- 
lis, combining with it, and the compound being decom- 
posed by heat, ar. well as b^r carboTuc acidi on exposure to 
the air. M.ignesia is dissolved ^by it in smnll quantity, 
,but by exposure to the atmosphere^ is again, precipitated. 
Argil is not dissolved by it,>'in any sensible quantity- - 
Prussic has no sensible action on melals ; but it 
acts on the oxides of soirfc'^of the*in, Thiis, oxide of gold 
become® white ; oxide silver, precifitated by an alku- 
line carbonate from its nitrous solution, yields its carbonic 
acid with slight effd^ijscence 5 oxide of quicksilver is 
dissfdviSd, and the solution Crystallizes in four sided 
prisms ; oxide of copper aseumes a ditroii colour, and oxide 
of cobalt a 3/ellowish browrt. The oxides of iron^vn, ^ead, 
:md indeed the greater fi^^mber of the other meta^|rAie^ 


^ Chemical Essays^ 24 ' DhserUtion on Prussian piuc. 
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not afFected by it. It dccomposeg, how&vcr, some of the 
mefullic salts ; from a solution of nitrate of silver, a white 
I poM'dtT is tlircnvn down ; from nitrate of mercury, a black 
powder ; and from caibonatc of iron, a precipitate at first 

of a sea-]LrrL'eu colour, which changes to a blue. 

* 

By complex liHnity, more striking effects are produced 
on the metallic salts. In examining these, Schccle 'em* 
ploy.'ci pruSvsiato of lime ; and he gives the following eiiu- 
j'leratioh of the changes it occasions. A solutio.i of it 
being poured into a solution of gold, a precipitate is 
thrown clown in a W'-.iic powder, which is re-dissolved 
when the ptUvSsiate is addctl in excess, forming a coiour- 
Ic'S solution. The solution of pLuina is not changed : 
tliat of silver i precipitated of a whi:e colour, and of a con- 
sistence like that of cht'Cse the prec»puare being redU- 
solved by an excess of the prussiatc, and the combination 
in this case being so intimate, that it is not decomposed 
!)y muiiatic acid. IMercury is prticipitated from its^itrous 
*-olution in rho F.n’ni of a black powder. Sulphate of cop- 
per is precipitated of a citron colour ^ the precipitate be- 
ing redissolvcd by au exccASo| ^he prusslate* and fornilng 
a colourless liquor, as ‘»t docs also when submitted to the 
action of liquid amuioninT Suqdvate of zinc gives a pre^-* 
cipitale of a white jCoiour j and unlike the greater 
number of these precipitates, is soluble in acfds* Sulphate 
ot iron is precipitated first of a yellowish brown colour, 
which soon chvinges to green, and thcti becomes blue on 
the surface, it tioes also immediately on adding an a- 
cid. Fro>i/acetate of lead, a white powder is preiipitat- 
cd ; the solution of cobalt, a- powder of a brownish^ 
^ yellow colour 5 n. ithev of these being redissplved by an 
excess of acid. Similar compounds are eslablishedby prus- 
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Slate of pt>r$8sa a^ded to the hietailic solutions. It is pro« 
bable, that the greater itumber of them are triple combiha« 
tinns y the prussic acid, with part of the Salifiable base, en- I 
tering into combination with the metallic oxides, the prus- 
sic acid having a tendency to form such ternary combina- 
tions V hence, asBerthollct has remarked, the super-natant 
liquid retains an eiccess of acid, though the prussiate by 
which the metallic salt is decomposed contain more wikali 
than is requisite to its saturation, and the precipitate 
Weighs more than it could do if the oxide alone were com- 
bined with the prussic acid. These combinations are much 
more permanent than the pure prussiates, the metallic ox- 
ide exerting such an affinity to the prussic acid, as to pre- 
serve it from decomposition. 

Of these ternary combustions, those with oxide of 
iron are of importance, from their use as chemical tests, 
and as forming prussian’ blue. The liquor which is ob- 
tained Vf digesting an alkaKne solution on prussian blue 
is of this nature, a pottidn of iron being always contain- 
ed v. and hence, when ati acid added so as to saturate 
plihrt of the alkali, a precipilate of prussian blue is form- 
ed. And^hen the solution is added to a solution of 
a poition of thid' iron in flie state of oxide enters 
into combination#i#c^ing a similair precipitaite, while 
the a&ali id fiartly attracted by the acid with which the 
irort^'4^ cOtObined^^ /•’/ 

ThU-nature of thei^ combimitions is, however, consi- 
detably divmifiedby tfl^e Sta^O'of the iron with regard to 
oxidixei^ent, as ftoust more' jfiarticularly pombd qjpt *. 
If it- exists in cbmbinadoii wMi an acid at the mn^iira - 
of oaridizement, the precipitate formed, by adding the 

* Kicfadlson^s Journal, p. 4-5-^. 
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common prussiate of potassa and iron, jis of a white co- ' 
lotrr, but from exposure to the air, it very soon acquires a 
blue shade ; or, if the metal be at a higher state of oxitU 
izement, the precipitate is at the first blue. Generally, 
however, as thrown down from the solution of iron, if no 
acid be present, it is of a green colour; owing, As has 
been already explained, to the diiTiculty of saturating the 
alkali with the prussic acid 5 and hence, by the portion of 
alkali which is present in excess, a quantity of yellow ox- 
ide is precipitated, which gives to the blue prussiate a 
yellow colour. This is prevented wlien the solution of 
iron has an excess of acid ; or the green precipitate as- 
sumes a blue, when this oxide, is removed by washing 
With a diluted acid. It thus appears, that there are various 
prussiates of potassa and iron, differing both in the pro- 
portions of the alkali and the oxide to the acid, and in 
the degree of oxygenizement of the metal. Accord- 
ing to Berthollet, however, thq distinction between the 
white and the blue prussiates does not depend merely on 
this cause, but rather on the force of affinity exerted by 
the acid to the oxide of irop ^in its? different degrees of 
oxidizement, and Which is therefore capable qf being va-. 
ried by causes which do* not change the state of oxidaf^ 
tion, as by oj acids, pf^ which he gives exam- 

ples*. ■ - ' ' V 

The triple prussiate which is obtained by^boiling^ al- 
' kaline solution on prussian blue^ has been much used by 
chemists as attest to discover the presence of iron, it be- 
ing a delicto one, from the deep blue colofur .which it 
8tri]|«^4ith the iron.at the maximntn of oxidizement. As 

♦ Chemical Statics, vol, ii, p. SI 5^ 
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it always cotitahwi however^' a portion of Iron, It is liaWe 
ao fallacy » for if any free acid be present, •:! be evolved 
in the application of the test, this ire-acts upon it, and 
gives rise to a precipitate of prussivm blue, iiulicating, of 
coursei'fton to present when it is not. Cheinis s have 

' r 

endeavoured to Remove this source of falLscy, by freeing 
5 t from this portion of iipn j but it does not appea’*, that 
by any process it catrbe entirely abstracted. Richter and 
Buchc'lz have even concluded, fnmi their investigations, 
that' the presence of the oxide of iron is cssennai to pre- 
serve the constitution of the prussic acid 5 that the c^ rn- 
pound of this acid, and the alkvill alone, cattTbe formed 
only in the dry way, itfid.at the temperature of ignition ; 
when it is dissolved in w'atcr, it is immediately decom- 
posed 5 part, of the prussic ^2 cid'*^ escapes, and, from the 
smell of ammonia produced, part appears to be decom- 
pos(»«l t it is onV from the presence of oxide of iron that 
the combination is C3tab]uhed| and k is move permanent, 
as the proportion of this is larger. All tbc pt. cipitatcs 
prochiced by^ means of tlie test prepared in the usual me- 
Ifhod^^th^y cdwclude, cou^ain^ iron, and arc dilTerent itt 
therr colo^ ff 6m ^thosiff' where thejroit is not present 
>;^^It'appe^s, wh^n the triple prussiate of 

potaa^l and' iron coi^si^s only a cert^m quality of the 
metal, in iWe iombinatton with sueh forjcc of 

/add does not subvert it, or 
produce prussjan blu® » and-ifeat, therefore, a triple prus- 
siatc of tins nature may which mjjy he employ- 
ed test- of iron., *^Nii^e I’lgiior 


^TNicholsOaV Journal^ Vol. ix. p. 378. 

li< p. I80. 
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which is prepared from the mixture of .blood smd, pearl- 
ash calcined, ii>, under this point of view, preferable 
that prepared from the action of an alkaline ley on Prus- 
sian blue ; for although the former contains a pisartioii of 
oxide of iron derived from the blood, yet it is much less 
considerable than that which the latter contains. The 
proportions, according to Buch^Iz* which answer best in 
preparing the triple prussiate with this view, are two parts 
o dried blood with one of Carbonate of poias.>a ; this mix- 
ture being heated to redness in a crucible, and being kept 
in a state of ignition for three quarters of an hour after 
the flame jthat appears at the surface has ceased. 'Diis, 
dissolved in water, affords a liquor t^hich contains only a 
small quantity of iron, and which, dropt into muriatic 
acid, atfords no blue, but only a white precipitate 

Even the common solution of triple prussiate of potas- 
sa, and iron prepared by digesting an alkaline solution 
with prussiate of iron, may be^so far freed from the me- 
tal, as to be used as a test. A process of this kind em- 
ployed by Klaproth has bJen described by Mr Kirwan f . 
The most essential circumstance appe,ars to4>e crystiJliziug 
the compound. The liquor is filtered, and any excess of al- 
kali .saturated by the ackiition sulphuric acid ^ (or, 
Richter , sinc^ proposed, by ucetaie of lime :) it is 
poured off clear from a precipitate which is tStown down, 
and is evaporated, so that, when set aside, it shall crystai- 
iize ; crystals of a cubic form and of ,a yellowish colour 
are found n^ingled with crystals of bulphate of potassa, 
and witli^xide of iron. The former arc picked out, and 

. . 

♦ Nicholson's Journal, yoL ix. p. 1^80. 

t Elements of Mineralogy, vol. 1. p. 
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redissdlired in w^tcr : znf smi^urc acid that may be pro- 
tent is removed by the additicm of barytic water, and is 
ag^n. made to erystal]i2e/ These crystals are dried and 
kept fcm'Use : if fhey receive no bluish tinge when wetted 
with mmrtatic add, they may be considered as sufHdenN 
ly pur^ to bt em|iloyed as a' test. In judging, however, 
of the quantity' of iron iCC||fitained in the precipitate which 
they may throw down from any liquor containing this 
metal, allowance must be Hlaile’ for the portfcMiof it which 
they Contain : this is done by decomposing 1 00 grains of 
the crystalHai^dr salty by exposure to a strong red heat, dis-> 
covering what quantity of oxide of iron remain^ and from 
this, by knowing wHat quantity of the salt has been em- 
ployed in the precipitate, determining quantity of 

the iron which k indicates been derived frorr. this 
source* In general, the crystallixed salt, as prepared iii 
this method, contasns frqm 22 to SQr'in 100 parts of ox- 
ide of iron. BerthoUet hs^s observed, that it is more con- 
stat in its composition, if it bS calcined lightly previous 
to the s^eond crystallmtiOn ; the oxide not essential to 
the comp^ftiott being thus jgfiore effectually separated. 

T3ie triph? j^ussiate ajso^ in the common method of 
|fiieparingi^ Wp*are, from a mixture of sulphate 

of potassa, derived fre^ the potash commerce, from 
which it bjiNbeeh prep^ed t and 4m is the sourep of a 
mistake, kt chemists? that 

llarytes isj'precipitited co^oiti^ by this test tfom its sa- 
line TMs nl4y fes tteioved by the acdon of 

. barytei t tehd on Dr^iHetiyyltas founded a'^cess for 

prepartog a purer triple prtlsttiate than by the edminon 
method^ It cc^nbistsmacidiitg prassian blue to a solution 
of pure barytee la water^ until it cease to be discoloured. 
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The solution is filtered^ so as to free it from any deposite 
of -oxide of iron : after it has stood some hourSj yellowish 
crystals of prussiatc of barytes and iron form, and another 
quantity is obtained by evaporation of the liquor^^^ These 
crystals, in powder, are added to a solution of carbonate 
of potassa gently heated, unfll the solution no longer re- 
store:* the colour of reddened litmus paper : after digest- 
ing the mixiure for half an hour, the liquor is filtered, 
and, when evaporated, affords well-formed crystals. They 
still contain about 0.24 of oxide of iron ; but a consider- 
able part of this may be abstracted, by digesting the solu- 
tion, before evaporating it, with a little acetic acid 
The Prussian Blue of commerce, besides its essential 
principles, ccyt^ns- always a quantity of argil. This is 
clcnvj^ frsnf a quantitj^f alum, dissolved along with 
the sulphate of iron, previous to the precipitation of this , 
by the addition of the ley from calcined blood and pot- 
ash and serves the purpose nierely of diluting the very 
deep colour, and giving lUbre consistence to the pigment. 

The common prussi^e* of potassa and iron not only 
precipitates iron from its sojution, but the greater num- 
ber of the other metals, all of them, intleed, except^pla- 
tina, antimony, and tellurium thus affords a test^use^ 

ful in discovering the metals. 

Be^es compounds of prussic aStnd, potassa, 

and bxid?!5f iron, other ternary combinations are formed 
with the ot^er salifidble bases. That of barytes, the pro- 
perties of wijich have been pointed out by Dr Henry, has 
been alre^y noticed. It is crystallizable : the crystals are 

* NichoitJOii's Joiirnai, 4to, vol. iv. p. 31. 
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rhotnboidal, and have a yellow colour ; they are sparing- 
ly, soluble in water; four ounces, at 65^9 not dissolving 
more than one grain, and only between five and six grains 
at 212 ? 4 » The prassiate of strontites and iron is less dis- 
posed to crystallize.; the dry mass obtained by evapora- 
tion is readily soluble in wat&r ^ ojie ounce, at dissolv- 
ing 120 grains The prussiatc of lime and iron is de- 
po! 'ted, by evaporation of its solution, in minute crystals 
of a yellowish tinge. The others are scarcely known. 

The compound formed from the precipitation of the 
salts of copper by the triple piussiates is of a line browii 
colour ; It has been introduced as a paint by Mx Hatchet, 
and Found superior to every brown paint now in ui.e in 
beauty and intensity. The deepest obtained troi.i 

the muriate of copper, preci;dtated by tlic piu j. ite o', 
lime and iron ; the muriate being dissolved in ten pavL> 
of distilled water, and tlie solution of the pfussiate adtk..^ 
as long as there is any precipitation f. 

From the origin of prussic acid, it may be inlViTcd to 
consist of the elements that uffually form the animal pro - 
duetd* This is confirmed by the results of its analysis 
It was known, that prussian blue, decomposed by heat, 
afforded ammonia ; and Scheele., found, that it was yield- 
ed also by the, other .pruss.ates, with carbonic acid gas and 
residual cIl|6fc!Coal. The state of chcm\y,y at that period 
did not allow of the proper conclusion being and 

Sclicele merely inferred, that prussic acifi cof of am- ‘ 
monia and an oily matter, rle added, however, an in- 
structive synthetic experiment. He mixed c(^l parts of 


* Nicholson Journal, 4‘to, vol. iii. p. 171. 
t Journals of the Royal Institution, vol. i. p*. 
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charcoal' powder and pub-carbonatc of prtassa, and raised 
ih^m ill a crucible to a red heat. He then thrust to the 
bottom of the cruv iblo nearly the same proportion of mu- 
riate of ammonia, in small pieces : in two minutes, the 
production of ammoniacul vapours had ceased, and the 
matter was immediately lixiviated with hof water. It af- 
forded a ley, which copiously precipitated prussian blue 
from sulphate of ammonia. A similar, though less per- 
fect result, was obtained when he substituted plumbago. 
And these it appears, as he remarks, that volatile 
alk ili, wiili carbonaceous matter, can afford prussic acid 
No farther inference could be drawn while the nature of 


ammonhi v.ms unknown. 

lifTtholh't, \ he Jvad discevered the composition of 
aininf^a.M, applied the disc^:7ery to the theory of the form- 
ation -of prusoic acid, and inferred, that this is formed from 


the elements of the ammonia — nitrogen and hydrogen en- 
tering into combination with a portion of carbon , and that 
it is thoref -re a triple compound of these principles f. 

* f 

This has been conlirmcd by a variatioti in the mode ui 
performing the synthetic exp^qment of Scheelc, execut- 
ed by Clouet ; pasMng a: nnonia in the gaseous lorm, dis- 
1 ngaged from a mixture ni'ir.atcof aminonia and (juick-. 
lime, through a tube lillcd with charcoal and kep' at a 
full red gas i.. r^ f^ived at the extremity of the 

tubcTi^JbfUtles coiifnmng natei, or an alkaline solution ; 
*ind pure jTir?febiC arid I;, found at the endof the expenmcnl f . 


* Chefnical E'^oys, p. 'tOfJ. 

*1’ Mthiioiros de di r. Sciencos, 1 (8(1;, p. t 

j Aniialt' 'Ic L tojn. xi. p. DO. JoMnial <:( 

.OolytecluMji-ie, torn. ii. j*. h-'* 
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It hsis been considered as doubtful^ whether oxygen 
enters into the composition of this acid. Berthollet ruther 
supposed that it did not, or that it contained only a small 
proportion, from finding, that in its decomposition the 
gas disengaged was chiefly carburetted hydrogen, andnot 
carbonic acki. All the species of carburetted hydrogent 
however, no doubt contain oxygen in their composition ; 
carbonic acid, too, is produced in a certain quantity, as 
Schecle observed ; and Vduquelin has remarked, that 
however dry a prussiate ’may be when subjected to de- 
composition by heat, carbonate of ammonia is always pro- 
duced. It can scarcely be doubted, therefore, th^t oxygen 
enters into its composition ; and accordingly, Vauquelin 
has observed, that in the formation ot ammonia 

and charcoal, the quantity is^^iuch increased if it sub- 
staiice be added which can aflFord oxygeil, Thus, if ox- 
ide of lead be employed instead of lime to decompose the 
muriate of ammonia whep it is heated in a state of mix- 
ture with charcoal, tlie product of prussic acid is aug- 
mented in the proportion everi*of sU to one 
^ Bet)tjioIlet, hi his expe{iqients. on this substance, ob- 
^rved, that Wficndt tras submitted to action of oxy- 
l^tlriatic acid, it suffers u Ihbmicul change, receiving oxy- 
gen^ and the otymuma^ic passing to state of muriatic 
acid. It iiifeot veryidfear, whether in ti>k) case thf. prus- 
sic acif^^^rdy teceiecs a portion of oxygen into it^rcom^ 
pQsitjori, or whether the oxygen combines T ’lth ’ts hy- 
drogen ot* carbon^only. The acid in this ^'ate acquires 
a stroUgUt smell, becomes more volatile, and\ppears to 



♦ Manual of Chemistry by Lagrange, vol. ii. p. 358. 
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exert less energetic affinities to the alkalis : it precipitates 
iron green from its solutions ; and this precipitate becomes 
blue from exposure to light, or from the action of sul*- 
phurous acid, or iron. If it be still more impregnated 
with oxymuriatic acid, and be then exposed to the light 
of the sun, it appears entirely to change its nature : it se- 
parates in the form of an oily-hke matter, of an aromatic 
odouri which subsides to the bottom of the vessel, and 
which, if converted into vapoiir by the application of heat, 
still refuses to unite with water, or with oxide of iron. 
When the acid is in that state in whicli it forms a green 
precipitate with iron, if lime or an alkali be added to this 
precipitate, amnionia ts evolved. 


SECT. IL 

• , 

OF THE SPONTANEOUS DECOMPOSITION OF ANIMAL SUB- 

• • 

STANCES AT LOW TEMPERATURES. 

When the affinities of the elements of dead animal 
matter are allowed to* operate Wy that degree of humidity 
or softness which these substances usually have, new com- 
binatigi^ are^nj^blished even at natural temperatures, 
whit%cc)htuiue to proceed until the. animal subfj^nce is 
entirely deTpmposed. Changes of tins kind coiii>iitute the 
general p," fss of Putrefaction; though they are also 
considerably varied, according to the circumstances under 
which they take place, and, in particular, according to the 
presence* of air and humidity. 

If animal matter be entirely excluded from these two 
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agents, In dther words, if it be completely dried and 
• eluded from the atmosphere, it decays very slowly, any 
Sensible chemical decomposition not being produced in it 
for a very great number of years. ' 

If those animal substances which are not soluble im^Ara- 
ter, those, for example, whicli consist principally of fibrin, 
as the muscular fibre or flesh, be kept compressed, or be 
immersed in water, as the air is thus nearly excluded, the 
series of changes are modified, and the fibrin is ultimate- 
ly converted into a substance of a fatty nature*i having in- 
deed nearly all the properties of spermaceti. 

This species of decomposition Was first particularly ob- 
served on the occasion of the removal of a burying ground 
in Paris, containing cdjEnmon graves, ■of'^f^pof>i to vies des- 
tined for the |k)or, in which, /ith a singular indifFer- 
ence, a number of bodies were accumulated together. It 
was knovni to the grave-diggers, ^that after a number of 
years, they were converted into a species of fatty matter. 
Poutcroy examined the appearances presented, and has 
given in 'memoir on the Subject*, to which, or a full view 
of it Wf Mr Nicholson f, I fe/er. It has since been shewn 
by Dr Gibbes, that when the flesh of animals is immersed 
ntlder water, it U converted into a*si2niLar fatty matter ; in 
a piece ofiean beef, seciured in a running stream, the con- 
version itra^ffected i^thc cour^ of a onth.^ and 

it\vas ajpD pirodnireS by the ageri^ of dilute nunc v^^/id 
In tljese cases, part 6f the nitrogen and hydry^c. appear 
to combiite together and form Ammonia, wlf ch is found 

* Annales de Chimie, tpm. v. p. 154'. 
f Nicholson^s Dictionary, vol. ii. p. Sfil. 

^ "J; philosophical TranSactioitt,‘179d?, 179 j. 
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in the fatty matter, v/Iiile another portion of hydrogen 
wijLh carbon, and a proportion of oxygen^ form the fat. 

When tlie atmospheric air is admitted to animal sub* 
stances, and moisture is present, the process more strict- 
ly named Putrefaction takes place. This has been defin- 
ed, that sp<-cics of decomposition or change in the mix- 
ture of organic matters, by which ammonia and a parti- 
cular effluvium of a most ofFeiisive smell, called Putrid, 
are formed. It taker, plaqeoply in those substances whicli, 
besides carbon and hydrogen, contain nitrogen and phos** 
phorus : such arc il.c rminu'' products and vegetable gluten, 
The clrciinisranccs more peculiarly favourable to it, 
are a due degre e of heat and moisture aiui access of air. 
A tempeiatnr '' ..n 60® to 80® of Fahrenheit, best fa- 
vours li j p. f.iTcss : by h'vense cold it is ei^^tirely checked. 

Wlien this process fiist commences, the matter emits a 
slightly ofl’ensive smell, yvhich soon becomes extremely 
foetid i tile taste likewise becomes nauseous : rlie colour 
is greenish : the firmness and cohesion of the substance 
are soon diminished, and "ht length it becomes soft and 
pulpy 9 its smell becoming more and more offensive. It 
thus continues, losing weight, until the putrefaction is 
completed, and little ^enjains bat an earthy residuum. , 

In this process then, the putrefying tnatt^r is resolved 
into new comnj^ds, which escape in the gaseous form. 
The.'^ech/mture of these- combinations has frpm 
* the of the proctrss, been accurately 

asceruinedAnd they probably vary somewhat according 
to the naturb of the animal substance, and the ^^ircum^tan- 
ces under which the putrefaction takes place. Ammonia/ 
is formed by the union of the nitrogen and hydrogen of 
the animal matter, and frequently also acetic acid, by,. 
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which it IB neutr^tu^ed. Phosphuretted hydrogen b dis- 
engages since gaSs even when obtained pure, has in 
'% very great degree the odour named Putrid ; and it has 
often been otjserved, that anitnaf matter during putr^ac- 
tion has appeared Itmiinous. Sulphuretted I)ydsv>gen 
makes another part of the vdpours disengaged from piitre- 
fying substances V ^ these vapours have in some degree 
its smell, are cap hie of blackening the metals', a pe- 
culiar property of this gas. JUastly, carburetted or oxy- 
^atburetied' hydrogen and carbonic acid are^^volved. It 
is probable too, thaf .not only these binary combinations, 
but compound gases, consisting of three oi more of these 

i" 

elements with oxygen^ are formed and disengaged. 

This change then, ‘^ nothing more than the element? 
of the animal^bstance, entering Into new combinations, 
which pass off in the gaseous form» the earthy and saline 
matter foianing the residuunu 

Putrefaction is the great process employed by nature, 
tO' Separate the principles which vegetation and animaliza- 
tion had combined, and thus &l>e subservient to their re- 
.romposition. * It is a procfss, which must always go on 
at the surface of tIsS oarth i its products are diffused 
;t^|^ough the atmpsphere,* absorbed by water, or taken up 
the sorb They furni^ the principal nutritious mat- 
ier ffipr thJiopport atiT growth of ¥ege)ti!£!es, and they are 
thus into Hew coHibinations, wiTtdi 

pared for assiflyiatlan in the animal system.*^ ' 
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